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I. INTRODUCTION 
Tocopherols are among the important natural antioxidants. 
The data reported in the literature on this subject would seem 
to indicate that the tocopherols, and possibly alpha-tocopherol, 
may be the only naturally occurring antioxidants in milk fat. 
Further study may indicate the occurrence of tocopherols other 
than alpha-tocopherol, since delta-tocopherol has been reported 
in hog fat (Chipault, Lundberg and Burr (7)), gamma- and delta-
tocopherols in human tissues (Quaife and Dju (62)) and in eggs 
(Harris, Quaife and Swanson (23)). Moreover, since the toco­
pherols are indigenous in plant tissues and not synthesized in 
the animal body, the type of tocopherols in milk fat may be de­
pendent upon the feed ingested. 
If the types of tocopherols in milk fat vary, considerable 
differences in oxidative stability of different milk fat samples 
may be expected since it has been shown (Griewahn and Daubert 
(22) and others) that the antioxidative characteristics in­
crease from alpha, to beta, to gamma, to delta, when the oxida­
tive stability is measured by the Swift stability test. The 
greater oxidative stability of summer butter may result not 
only from an increase in total tocopherol content but also from 
an increase of gairnna and delta forms. 
Antioxidants have been considered to retard (if not inhibit) 
the autoxidative reaction in fats; it has likewise been con­
-2 
sidered that destruction of antioxidants may ensue (Golumhic 
(20) and Swift, Mann and Fisher (82)) as the fat becomes 
oxidized. Although the exact mechanisms of the antioxidant's 
reaction is not knovm, it has been postulated that the anti­
oxidant serves as a hydrogen donor, blocking the autoxidative 
free radical peroxide, in the early stages of the autoxidatlon 
reaction. 
There is a possibility that the semlqulnone of the anti­
oxidant may exist in an oxidizing fat since Mlchaelis £t al. 
(50, 51, 52, 53? 73) have established the free (by potentio-
metric, magnetometrlc and colorlinetric means) that the semi-
quinone free radicals can exist, v^emiquinones have been 
obtained in alkaline solution from duroqulnone, phenanthrene-
qulnone-3-sulfonlc acid and benzll, and in acid solution from 
aromatic amines. 
Whether or not the semiquinones do form, it has been gen­
erally considered that the antioxidant is oxidized concurrently 
with the fat. If this is correct, the quantity of non-oxidized 
antioxidant present in the fat at any one time should be a 
function of the degree of oxidation of the fat. This study was 
initiated to determine, among other things, the procedure by 
v;hlch the residual unoxldized tocopherol could be estimated. 
In order that the quantity of oxidizing materials in the 
fat could be estimated, the Chapman and McFarlane (5) and the 
-3-
Hills and Thiel (26) methods were studied. These methods are 
based upon the oxidation of ferrous to ferric iron and measure­
ment of ferric iron colorimetrically (as the thiocyanate complex). 
The Lea (^3) method was employed for comparative purposes. As 
a result of these comparisons and the published work of Lea 
(Mf) and Chapman and McKay (6), the Hills and Thiel method 
was selected. 
The method in general use for determination of tocopherols 
is that of Emmerie and Engel (13)j although other methods have 
been reported and used to a limited extent. This method is based 
on the reduction of ferric to ferrous iron, and the subsequent 
foi'mation of a color complex \'rith alpha,alpha'-dipyridyl. The 
method is sensitive. It has the disadvantage that it is not 
specific for tocopherols. It was considered, at the initiation 
of this investigation, that in addition to vitamin A, beta-caro­
tene and other pigments, peroxides and tocopherol oxidation pro­
ducts might interfere. In addition, a simple method was desired. 
Therefore, methods involving both saponified and non-saponified 
fat were investigated. 
In general the objectives of the study were to determine the 
extent to which materials in oxidizing and in normal milk fat 
interfered with the Emmerie and Engel procedure, to devise means 
of eliminating the interference of these substances without de­
struction of the unoxidized tocopherol present and as a result 
of the first te-zo objectives to develop a method for the deter­
mination of the residual non-oxidized tocopherol in milk fat at 
any tiae during the oi:idation of the fat. 
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II. LITERATURE REVIEW 
A, Preliminary Considerations 
The tocopherols are viscous oils which have not been ob­
tained in the crystalline state. Certain esters such as the 
allophanates, £-nitrophenylurethanes, 3j5-dinitrobenzoates 
(Rosenberg (70)), and the palmitate, acid succinate, and azoben-
zene-^--carboxylate (Baxter ^  al. (2)) have been crystallized. 
This group of vitamins occurs predominantly in plant materials, 
particularly in the vegetable oils. Fish oils and animal fats 
are not good sources (Rosenberg (70), Hickman and Harris (25), 
Harris, Quaife, and Swanson (23))• Pour forms have been re­
ported for naturally occurring tocopherols. These are named 
alpha-, beta-, gamma- and delta- in the order of their discovery. 
Tocopherol structure has been established by Karrer ^  al. 
(31) and others. The tocopherols have been synthesized by 
Karrer et (31, 32, 33) and Smith et aJ, (76), Synthetic 
dl-alpha-tocopherol acetate is the standard reference substance 
for vitamin E in an assay. One mg, of the acetate is considered 
to be 1 I,u, (^8), Karrer et al, (31) proposed the term tocol 
for the general class of tocopherols without substituents in 
the benzene nucleus. The single members are indicated by 
following the Geneva-nomenclature principle for chromans. 
-6-





alpha-tocopherol is 5)7»8-trimethyltocol 
beta-tocopherol is 5j8-dimethyltocol 
gamma-tocopherol is 7>8-dimethyltocol 
delta-tocopherol is 8-methyltocol 
5>7-Dimethyltocol has been synthesized and studied by 
Kofler (^1), but has not been found in nature. Similarly the 
5-methyl or 7-methyl isomers of delta-tocopherol have not 
been found in nature. Water soluble forms of the disodium 
salts of the phosphate esters are available. 
1 • 
Pale yellow, viscous oils 
2. Empirical Formulae 
alpha-Tocopherol - C29 H^q 02» (70) 
beta- and gamma-Tocopherol - C28 02$ (70) 
delta-Tocopherol - C2y 02» (81) 
B. Physical Properties of the Tocopherols 
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3. Temperatures for Molecular Distillation of Tocopherols from 
Natural Materials at Pressures of 1 Micron or Less 
215-220® C., Quaife and Harris (6^), 
lUoO C., Kjolhede (36) .  
95*^ C., Glavind, Heslet and Prange (19). 
Absorption Maxima and I'^xtinction Coefficients of the Toco­






alpha-Toeopherol (nat.) Baxter e t  al. (2)  292 mu* 73.7 
beta-Tocopherol (nat.) Baxter ^  al. (2)  297 m 87.6 
gamma-Tocopherol (nat.) Baxter ^  al. (2)  298 mu 92.8 
delta-Tocopherol (nat.) Stern ^  al. (81) 298 mu 91.2 
alpha-Toe. o-quinone Baxter ^  al. (2)  ifSO mu 21.1 
gamma-Toe. o-quinone Baxter £t al. (2)  J+80 mu 21.1 
beta-Toe. o-quinone Baxter et al. (2)  ^•65 mu 21.1 
delta-Toc. o-quinone Stern et al. (81) 373 nru 59.7 




Tocopheryl £-quinone Stern ^  al. (81) 260 mu 220. 
Most tocopherol esters Baxter ^  al. (2) 286 mu 60^ of 
free 
phenol 
*mu is employed to designate millimicrons throughout this thesis. 
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Compoiind 
Coupled product of 
ganma- or delta-toco-






















^Solvent, water ^Solvent, Skellysolve H. 
Infrared absorption spectra have been reported by Rosen-
krantz (71) and by Stern ^  a^, (81) who described assigned bands 
due to the 0-H bond of phenolic hydroxyl and aliphatic carbon 
chains near 3»0}i» to c s c at 6,3)1 and to phenolic C-0 absorp­
tion at 8«0 jd; in addition to tinassigned bands near 8.6 ;a and 
10,9 }i as chai'acteristics of the tocopherol structure. 
5. Solubility 
Soluble in most organic solvents and fats (70). 
6. Optical Activity 
Specific rotation of the tocopherols (Stern ^  al, (8l)) 
1 25 
ob ^  .  
J 5^ 6.1 
In benzene In alcohol 
alpha-Tocopherol -3.0 •0.32 
beta-Tocopherol — *2.9 
gamma-Tocopherol -2.^ +2.2 
delta-Tocopherol ^l.! •3»^ 
The direction of rotation changes with the solvents vith alpha-
and gamraa- but not vith delta-tocopherol, 
C. Chemical Properties of Tocopherols 
Stable to heat to 200® C. in the absence of air (Rosenberg 
(70)) 
wStable to H2S0i|. and to HCl up to 100® C. (Rosenberg (70)) 
Slowly destroyed by alkali (Rosenberg (70)) 
Oxidizable with ferric chloride, auric chloride, and eerie 
sulfate to the ^ -ci^ii^-one (Karrer, et (33)» Baxter et (2) 
and Stern et al» (81)) and by nitric acid and silver nitrate 
to the o-quinone (Furter and Meyer (l8) and Karrer ^  (33))• 
Upon pyrolysis duroquinone is formed from alpha-tocopherol, 
trimethylhydroquinone from the beta- and gamma- forms (Rosen­
berg (70)), and dinethylhydroquinone from the delta- form (Stern 
et jy.. (8l)). 
Tocopherols are not soluble in concentrated aqueous alkali 
and are part of the ether extract from a saponification mixture 
(16), 
Their activity as antioxidants increases from alpha-, to 
beta-, to gamma-, to delta-tocopherol (22, 30, 81), The anti­
oxidant properties of the tocopherols are a function of the 
free phenolic hydroxyl while the acetate esters are biologically 
-10-
more active than the free forms (25). 
The tocopherols are quite stable to visible light but are 
readily destroyed by ultraviolet light (70), 
D. The Physiological Function of Tocopherols 
The physiological function of the tocopherols is compara­
tively obscure. According to Rosenberg (71) and Hickman and 
Harris (25) they have been reported to be necessary in the pre­
vention of gestation resorption and testicular degeneration in 
rats and have been named the antisterility vitamin; they have 
been shovm necessary (in animal studies) for proper vitamin A 
utilization, in prevention of muscular dystrophy, creatinurea, 
cardiac failure, degeneration of the epithelium of the convol­
uted tubules of the kidney and proper function of thyroid and 
pituitary glands. Tocopherol has been reported to prevent 
abortions in cattle and barrenness in sows. Eggs from toco-
pherol-deficient hens cannot be hatched successfully due to 
the development of a lethal ring in the blastoderm from cell 
proliferation in the mesoderm. Chicks develop an alimentary 
exudative diathesis, followed by increased capillary per­
meability and muscular dystrophy when on a tocopherol-deficient 
diet. Tocopherol deficiency in humans has not been definitely 
shown, but many cases have been reported in which its clinical 
11-
use has been beneficial. Recent research has indicated that 
tocopherol acts to decrease metabolic ratei inhibit diphos-
phopyridine nucleotidase, and in general, control tissue 
metabolism. The tocopherols are non-toxic substances and E-
hypervitaminosis is unknown, 
E, Methods of Analysis of Tocopherols 
1. General Aspects 
a. Principles of various methods 
Methods for the determination of the tocopherols are 
varied as to the principle of their action and in their appli­
cation, A critical reviev/ of the available methods was given 
by Kofler (ifl) and Baxter (1). A major portion of the work 
on methods for the tocopherol determination has been done with 
tocopherol concentrates containing one per cent or more of toco­
pherol and on materials lovr ir lipid content such as blood and 
tissue. 
Six general methods have been reported: 1, Titrimetric 
oxidimetric methods (Karrer et (31) > Schulek and Roxsa (72), 
Smith, Kolthoff, and Spillane (77, 78, 79) and others). 2, Colori-
metric oxidimetric methods employing ferrous:dipyridyl (Emmerie 
and Engel (13)) and ferrous ferricyanide (Meunier and Vinet 
(^9)). Colorimetric measurement of oxidation products of 
tocopherols with strong oxidizing agents (Furter and Meyer (18)). 
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Spectrophotometric measurement of colored derivatives formed 
by coxipling of dlazotized reagents (Vfeisler, Robeson and Baxter 
(85)) and by production of nitroso derivatives (Quaife (60)), 
Measurement of fluorescence of phenazine derivatives formed 
with the o-quinoid 03:idatlon products of the tocopherol, (Kof-
ler (38, 39, MD)). 6. Direct spectrophotometric meas\irement at 
290 to 298 rau, (Kofler 
Special methods involving one or more of the techniques 
listed above are many. 
b. Concentration of the tocopherol-containing fraction 
and the removal of the interfering substances may be accomplished 
by one of the following methods: 
(1) Saponification as a means of removing the glycerides 
and concentrating the unsaponlfiables is a method generally used 
In fat-soluble vitamin work. Its application to the determina­
tion of vitamin E has been studied extensively by many and the 
results reported vary from statements by Quaife and Harris (6^) 
that it cannot be used, to statements (Emmerle and Engel (16)) 
that It is necessary to saponify in order to get reproduceable 
results. Studies with the pure tocopherols, however, show 
that they are unstable in the presence of alkali and any method 
employing saponification must necessarily provide some means to 
protect the materials in the saponification mixture from oxida­
tion. 
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(2) Another general means of concentration of con­
stituents present In small amount is the chromatographic method. 
It has general application and is used in most of the methods 
that will "be mentioned for the removal of interfering sub­
stances. 
(3) The third general method of concentrating or 
"purifying" a constituent of a mixture is by distillation. 
Molecular distillation has been studied by many I(Kjolhede (36) ,  
Glavind, Heslet, and Prange (19), Quaife and Harris (6^)], and 
has been shown to permit only a crude separation. The only 
advantage this method offers over saponification is that no 
destruction with alkali results, Pome of the disadvantages of 
the method were given by Glavind, Heslet and Prange (19){ they 
included simultaneous distillation of vitamin A, lack of com­
plete recovery, distillation of low molecular weight glycerides, 
etc, 
(*+) Another general separation or "purification" 
method is found in extraction, or more specifically, partition 
between solvents. Extraction of the tocopherols from petroleum 
ether by alcohol or from aqueous mixtures by the use of petro­
leum ether has been used by many as a means of accomplishing a 
partial separation, however this again is a crude means of 
"purification". 
-1^ .-
c* The effect of ;:)eroxiclic materials upon the results 
obtained 
The recjults obtained by a given asr,ay procedure appsr-
ently depend upon the means of removal of interfering substances. 
Ivjolhede (36), Kofler (^1), Quaife mid Dju (62), Quaife, Scrim­
shaw, and Lowry (66), Kaunita and Beaver (3^+) ?»iid others have 
reported effects due to oxidized fats upon the results of toco­
pherol determinations. It vras desired to measure the concentra­
tion of peroxidic materials in the samples studied by the most 
sensitive means available. The ferric thiocyanate color complex 
was reported as highly sensitive by Young, Vogt, and Nieuland 
(88) in a coloriraetric adaptation of the titrametric method of 
Yule and VJilson (89) for the determination of peroxides in 
gasoline. Later Chapman and McFarlane (5) and Lips, Chapman, 
and McFarlane (^6) adapted this technique for use in studying 
keeping quality of milic powders. Hills and Thiel (r6) modified 
the Chapman and McFarlane adaptation by changing the solvent 
from acetone to a mixture of benzene :methanol and by using 
separate solutions of ferrous chloride and ammonium thiocyanate 
rather than the pre-prepared mixture of ferrous ammonium sulfate 
and aimnonium thiocyanate used by Chapman and McFarlane (5). In 
a critical study of the Chapman and McFarlane and the Hills and 
Thiel modifications, Lea (^^) and Chapman and McKay (6) foiind 
that the Hills and Thiel method was preferable, due to the lesser 
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effect of oxygen upon the values obtained. Bird et (^) have 
shown that the peroxide values obtained by the Chapman and 
McFarlane method are higher by some variable amount than those 
obtained by the Hills and Thiel method, and that analysis of 
solutions of hydrogen peroxide gave erratic results by the for­
mer but quite reproduceable results by the latter method. On 
the basis of the above and its much greater simplicity, the Hills 
and Thiel method was chosen in the present studies for use in 
measuring the peroxide content of the samples studied. 
2. Tocopherol Methods Employing Mild Oxidation 
a. Oxidant, ferric iron 
(1) The method of Eramerie and Engel (13) and the many 
modifications of this method employ solutions of ferric iron 
and alpha,alpha'-dipyridyl in alcohol or acetic acid as a color 
development reagent. The tocopherol reduces ferric iron (2 
equivalents of Fe** per mol. of tocopherol) to form tocopheryl-
£-quinone. The ferrous iron forms a color complex with alpha, 
alpha'-dipyr idyl, which has a maximum absorption at 520 mi and 
a very high molar extinction coefficient. 
Any substances which will reduce ferric iron or 
oxidize ferrous iron, under the conditions of the experiment 
involved, will cause interference in this method. Furthermore, 
any substance (not in the blank) which absorbs at 520 mu will 
also interfere. Generally it has been found necessary to remove 
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or destroy vitamin A, carotene, chloesterol, peroxides, protein, 
and some unknown factors in certain products. The means of re­
moval or destruction vary considerably among methods. 
(a) Parker and McFarlane (55) shake the petroleum 
ether solution of the fat or extract I'/ith 85 per cent H2S0ij. to 
destroy or render vater soluble all of the unsaturated systems 
and quinones, then extract with mild alkali and water. 
(b) Quaife and Biehler (6l) described a method 
of mild hydrogenation in which the pigments and other highly 
unsaturated molecules are decolorized and rendered inert to 
oxidation by iron. This method has had quite general applica­
tion to many materials (23, 56, 59j 62, 6^, 65, 68). 
(c) Emmerie and Engel (1^), Kjolhede (36), Devlin 
and Mattill (9) and others used various adsorbents to remove 
interfering substances from solutions to be assayed for toco­
pherol. The substances generally removed by this technique are 
the same as those removed by HgSOi^. 
(d) Wall and Kelly (8^) and others, separate 
tocopherol and carotene from fat, chlorophyll, xanthophyll and 
other lipoids by chromatography in which the tocopherol is first 
adsorbed on the column to separate it from fat and other lipoids 
not absorbed, then it is eluted by a solvent which elutes only 
tocopherol and carotene. They destroy carotene by the H2S0^. 
wash as in (a) above. 
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(2) The method of Heimler and Vlnet (^9) is similar 
to that of litomerie and Engel, Ferric iron is reduced by toco­
pherols? in this case the reduced iron is measured by a colori-
metric method using the ferro-ferri-cyanide complex. Interfering 
substances are the same as indicated above and are removable by 
the same techniques as in the Emmerie and tngel procedure, 
b. Oxidant. eerie sulfate 
The eerie sulfate titration, vorked out by Schulek and 
Roxsa (72) is the only titriiaetrie method which has been developed 
for the determination of the tocopherols in the presence of the 
interfering substances normally encountered. Karrer ^  al. (31) 
and Smith, Kolthoff and Spillane (77» 78, 79) used pure compounds, 
and therefore, the applicability of their methods to natural 
products is not laiown. nchulek and Roxsa make use of the rever­
sible oxidation of the tocopherols for the determination, oxi­
dizing vrith eerie sulfate to destroy constituents such as 
carotene, and converting the tocopherols to tocopheryl-^-quincnes. 
These were then reduced to hydroquinones with SnCl2. A second 
titration with an oxidizing agent determined the tocopherols 
(and any other reversibly oxidizable substances). This proce­
dure, unless cliromatography or other means of removal of quinones 
is employed, will determine total tocopherol in addition to 
tocopheryl-quinones. 
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3, Methods Employing Vigorous Oxidation 
Kofler (38, 39» oxidized the tocopherols with nitric 
acid to tocopheryl-o-quinones and condensed the latter with 
o-phenylenediamine to produce a highly fluorescing phenaisine 
derivative. He compared the fluorescence of this derivative 
with a standard prepared in the same way with alpha-tocopherol. 
The phenazine derivative was freed from interfering substances 
by adsorbing on slightly activated AI2O2 (from petroleum ether 
solution); it was then eluted with benzene. If tocopherol and 
tocopheryl-quinones were to be determined separately, a petroleum 
ether solution of the material was chromatographed on Floridin 
XS, then eluted with benzene; and the eluate was used for assay, 
(The tocopheryl-quinones remain adsorbed on Floridin XS while 
tocopherols are eluted; see study of the effect of tocopherol 
oxidation products p. 86), Lieck and V/illstaedt (U-5) in employing 
Kofler's method, used a photoelectric fluorometer and an arti-
fical fluorescence standard of fluorescein. They used AI2O2 
(Merck) which was not specially activated for chromatographic 
purification of the phenazine derivative. 
Farter and Meyer (I8) used the red color of the oxi­
dized forms of tocopherol (quinoid form) as a measure of toco­
pherol in butanol-methanol solutions. Quackenbush, Gottlieb 
and Steenbock (57) report a sensitivity limit of 50 meg, of 
tocopherol when using a 7:2:1 mix of n-butanol:chloroform:conc. 
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nitric acid. Tliey report interference "by many substances. 
Wall and Kelly (8M-) used the Furter and Meyer (18) and the 
Enmerie and Engel (I3) methods on plant extracts. They employed 
Hyflo-Supercel plus activated MgO adsorbents to remove chlorophyll 
and xanthophyll and subsequently destroyed the carotene and 
tocopheryl-quinones by the treatment of Parker and McFarlane 
(55)• Carotene and tocopherol were eluted from the adsorbent 
by 80 ml. of 5 per cent acetone in Skellysolve B and 20 ml. of 
10 per cent acetone in Skellysolve B. The Furter-Meyer method 
can be criticized for its low sensitivity as compared to the 
Kofler or Emmerie and liigel methods. 
A modification of the Furter-Meyer reaction which makes 
use of the oxidizing properties of the tocopheryl-o-quinone 
formed by HWO^ oxidation has been presented by Chipault, Lund-
berg, and Burr (7)» Here again all of the objections to an 
oxidimetric method apply. The final reaction must be carried 
out in the absence of any substances which have oxidizing or 
reducing properties since the intensity of the blue color 
formed by the oxidation of leuco methylene blue is measured. 
A very elaborate procedure for exclusion of air is followed 
throughout the procedure, 
k. Methods Attempting to Determine Mixtures of (alpha-, beta-. 
gamma-, and delta-) Tocopherols 
a. On the basis of reaction rates with the Emmerie and 
Engel reagent: 
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Hove and Hove (28) determined the reaction rates of the 
tocopherols vrith the Emmerie and Engel reagent at t\ro different 
temperatiires. They made standard curves with mixtures of alpha-, 
beta-, and gamma-tocopherol in kno'.-m ratios. The reaction 
rates are such for synthetic alpha-, beta-, and ga.iima-tocopherols 
in Skellysolve B vith the modified Eramerie and Engel reagent of 
Devlin and Mattill (9) (acetic acid) that they produce equal 
color intensities during a 15 minute reaction at 35'' C. However, 
at 15® C., alpha-tocopherol produces the same color intensity 
as at 35® while the beta- and gamma- forms shOTv' only about one 
half the intensity. This difference is the basis of a method 
of determining alpha-tocopherol in the presence of beta- and 
gamma-tocopherols. (delta-Tocopherol was not loiown when this 
method was reported.) 
Baxter (1) reported that the Devlin and Mattill (9) 
acetic acid reagent was unsatisfactory for the determination 
of total tocopherols and reported the use of the alcohol re­
agent of Emmerie and Fn^el (13) (0.1 g. alpha-,alpha'-dipyridyl 
in 50 ml. alcohol; 0.1 g. FeCl^ in 50 ml. alcohol). They used 
a two minute reaction time for total tocopherols. Later Stern 
and Baxter (80) reported that the time should be increased to 
2.5 mimites, when delta-tocopherol is present, because of the 
slower reactivity of delta-tocopherol. 
b. differential oxidation in various solvents 
Fisher (17) presented a modified Furter-Meyer (18) 
method for the determination of gamma-tocopherol in the pre­
sence of alpha-tocopherol by oxidation with nitric acid in 
acetic acid:chloroform solution, Alpha-tocopherol is not oxi­
dized under these conditions. 
Kofler (^1) in 19^7 studied many of the methods avail­
able for the determination of mixtures of tocopherols and 
reported modifications vrhich make possible the determination 
of any one of the four types in the presence of the others. He 
further altered Fisher's (17) modification of the Furter-Meyer 
(18) technique by employing chloroform as a solvent for oxida­
tion of one sample and alcohol as the solvent for oxidation of 
another. Alpha-tocopherol is oxidized in alcohol solution with 
the others. It is not oxidized in chloroform soliition while 
the other three are. Herein lies the basis for a separate de­
termination, He reported studies of the chromatography of 
mixtures, the direct spectroohotometric assay, a fluorometric 
method, Emmerie and Pngel method, and coupling methods (c, 
below)B 
SZ the formation of derivatives 
The use of diazotized o-dianisidine as a reagent has 
been reported by Weisler, Robeson and Baxter (85); this is a 
modification of a discovery of Scudi and Buhs (75) and of 
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Qiiaife (53) who originally employed diazotized ^-nitroaniline 
for the assay of mixtures of tocopherols. Tocopherols ^ rhich 
are uiisubstitrated in a position ortho to the phenolic group 
couple vath diazotized anilines while alpha-tocopherol, having 
a fully substituted ring, v:ill not couple, Quaife (53) reports 
beta-tocopherol will not couple and proposes an explajiation in 
the Mills-IIixon effect# The percentage of 3ai:ma- and dolta-
tocopherols can be determined by the difference in color of the 
bvro compounds in NagCO^ aiid in KOE solution, beta-Tocophcrol 
if present is determined as alpha- by the Euimcrie and Engel 
method. 
The absorption curves of the diazo derivatives have 
maxima at 395 and 510 rmi in ITagCO^ s-nd KOH solutions but less 
interference due to absorption by the fat is experienced at 
510 niu# 
Tlie nitroso derivatives of beta-, gaotia- and delta-
tocopherols were prepared by Quaife (60) who separated the 
derivatives from interferants by chroinatography on a ZnCO^ 
-CeXite column and then read the L value on an Evelyn or D 
value on a Beclaaan Spectrophotoraeter at ^10 mu. The solvent 
was Skcllysolve II. 
5, Miscellaneous Kethods and Modifications 
a. ACTlication of correction factors 
Kaunitz and Beaver (3^) (35) applied correction factors 
for carotene, vitamin A and fat in their application of the 
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Eniraerie and .ncel procedure. Their correction equalled ^-,8 
meg, of tocopherol per meg, of carotene determined by the ab­
sorption of carotene at M-00 mu. The vitamin A correction used 
was 0,2^- X I.U. of vitamin A s meg, of alpha-tocopherol when 
vitamin A was determined by an independent means. The inhibi­
tion of color formation due to the presence of oil was deter­
mined by running tocopherol recoveries on each oil sample and 
correcting for the reduction in tocopherol assay, A micro 
method employing this general technique has been reported by 
Quaife, Scrimshaw, and Lovrry (66), 
b. Modified vitamin K method 
The method of Scudi and Buhs (7^) (75) (a modification 
of their vitamin K method) employs hydrogenation in butanol 
over Raney's nickel to reduce quinones originally present to 
hydroquinones. The hydroquinones are then reacted with 2,6-
dichloroindophenol and the reduction of the blue color of the 
dye is measured, A second sample is treated with auric chloride 
reagent to oxidize all tocopherol to the quinoid form which 
is then reduced by hydrogenation and the total tocopherol deter­
mined • The difference between the first and second readings 
is considered equivalent to the unoxidized tocopherol in the 
sample. The first reading gives the amotint of oxidized toco­
pherol, Vitamins K interfere but extrapolation of a reading 
vs. time curve to zero time gives the reading resulting from 
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vltamin K. The specificity of the method is increased if the 
hydrogenated solution is treated with Claisen's alkali (strong 
ale, KOH) to render the o- and £-hydroquinones water soluble, 
and is then extracted with petroleum ether to remove crypto-
phenolic tocopherols. After the tocopherols are separated, 
water is added to the alkaline solution to hydrolyse the 
potassium salts of the phenols and hydroquinones present (to­
gether with any other phenols which will reduce 2,6-dichloroin-
dophenol). 
c, Bioassav methods (revievred by Mason and Harris (M-8)) 
Many workers accept bioassay methods as being the 
standard. It is not considered necessary in the case where 
the pure substances are available for standards, to rely upon 
so tedious and uncertain a method vrhich in itself must be 
calibrated by means of the pure substances. Where a specific 
biological action is to be studied with a substance which is 
not completely known a bioassay may be preferable, 
d, Hydroguinone as a basic standard 
Rawlings (67) used hydroquinone as a basic standard 
for the Eramerie-rngel method, 
e, Antio:scidant properties as a measure of tocopherol con­
tent 
The antioxidant properties of the tocopherols have 
been used as a means of assay by Hove and Hove (29), by 
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Hlemschneider £t a2» (69) ,  and by others. The length of tlie 
induction period of a specific fat previously standardized, 
to v/hich the unloiovn has "been added, is measured by an acceler­
ated oxidation method; the increase in induction period is used 
as a measure of the amount of tocopherol present. 
The literature contains considerable data obtained on 
isolated samples of various foodstuffs by various methods. Re­
cently, however, an effort has been made by Harris, Quaife and 
Swanson (23) and others to bring the available data together 
and to gather the additional data necessary to classify foods 
according to their vitamin E potency. The study of the toco­
pherol content of blood, organs, and tissues has generally been 
limited to an estimation of total tocopherols, however here as 
well as in foodstuffs, there is a need for more data and 




A. Preparation of Samples 
1, From Butter 
Butter was melted in ^  ounce screvr-capped sample jars in 
a ^ 5° C. water bath. The melted butter -was centrifuged for 30 
minutes (in the jars) at 1500 r»p.m. in a Ifumber 2 International 
Centrifuge, and the fat layer \/as then transferred into other 
h ounce sample jars and recentrifuged. The sera were composited 
and centrifuged to recover all the fat possible. The fat was 
then composited and run through a 6 inch hot water jacketed 
filter (iTiatman #12 fluted filter paper), If the filtrate was 
not clear and free from v:ater droplets, the filtration was re­
peated. 
2, From Cream 
Four to five hundred grams of cream were churned in E,Z. 
seal quart fruit jars in a reciprocating shaker which held 
six jars (lying with the long axis in the direction of shaking), 
llien butter granules about the size of walnuts were obtained, 
the buttermilk was drained and the butter vras washed and trans­
ferred to four ounce screw-capped sample jars. After holding 
overnight at below UO® F., the subsequent procedure was the 
same as 1, above. 
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B. Preparation of Standards, Reagents, Adsorbents, and Solvents 
1. Standards 
a. Tocopherol solutions 
Pure natural d-alpha-tocopherol (Distillation Pro­
ducts Inc.) (ca, 100 mg.) was weighed in a tared, thin-walled 
flattened capillary about 1 mm. In diameter and 50 mia. long. 
The tube was dropped into a 100 ml. volumetric amber flask and 
crushed vith a glass rod, the rod was rinsed with solvent and 
solvent war? added to the 100 ml. mark. This solution contained 
approximately 1000 meg.* per ml. It x:as then diluted to yield 
solutions containing 100 and 10 meg. per ml. The solvent used 
depended upon the subsequent use of the standard. 
b. Ferric iron solutions 
An accurately weighed sample (ca, 0,5 g«) of electro-
lytically precipitated iron was dissolved in 1.0 N hydrochloric 
acid (ca. 79 ml,). This solution was oxidized by dropwise addi­
tion of 10 ml, (C.P,) 30 per cent hydrogen peroxide, and boiling 
off the excess. It was necessary that this be carried out in 
a long-necked Florence flask to prevent volatilization of the 
iron. The volume was then made to 500 ml. with water and HCl 
such that the concentration of HCl was 0.1 K, The concentration 
of iron at this point was ca, 0,02 K, These standard iron 
meg, is used as the abbreviation for micrograms throughout the 
thesis. 
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solutions were analyzed iodlmetrlcally (Kolthoff and Sandell 
(^•2 p. 635)). One gram of solid, reagent grade, iodate-free 
potassium iodide was added to a 50 ml. aliquot of the solution 
and the iodine liberated in 5 minutes was titrated to a starch 
end point (2 ml. of 1 per cent starch) with 0.05 K sodium thio­
sulfate • 
Hydrogen peroxide solutions 
A solution of 30 per cent hydrogen peroxide (C.P«) 
was diluted 1;100 with 7:3 purified benssene (p 38, e,): puri­
fied methanol (p 37» d.) solvent; 25 ml. aliquots of this solu­
tion were titrated with sodium thiosulfate after the addition 
of 50 ml. of water, 10 ml. of 1:10 sulfuric acid, 2 g. of solid 
potassium iodide and 3 drops of 3 per cent neutral ammonium 
molybdate (Kolthoff and Sandell (^-2 p 630)). The mixture was 
allowed to stand three minutes before it was titrated; 2 ml. 
of 1 per cent starch indicator were employed. 
d. Sodium thiosulfate solutions 
Solutions of the normalities required were prepared 
according to Willard and Furman (87 p 267) and were standardized 
against potassium iodate. 
e. Ceric sulfate (1.0 N) 
These solutions were prepared from reagent Ce(HSOL,.)ij. 
(G. F. Smith Chemical Co.) by solution in 1 H sulfuric acid. 
They were standardized according to Willard and Furman (87 
p 256) against sodium oxalate. 
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Tocophervl-o-gulnone (chroman 5.6-nulnone) according 
to Swift, Marm and Fisher (82) 
One gram of dl-alpha-tocopherol (Merck) was dissolved 
in 900 ml. of U..?.?, absolute alcohol, 100 ml. of concentrated 
nitric acid were added, and the mixture was heated at 70® C. 
until the spectral absorption at ^ 70 nni indicated that the con­
centration of the red product had reached a maximum (about one 
hour). The reaction mixture was then poured into 2.5 1# of ice 
water; the reaction product was extracted with a 1:1 mixture of 
redistilled Skellysolve B and reagent ethyl ether. The extract 
was washed then with three portions of water and dried with 
anhydrous sodium sulfate. The solvent was evaporated on a steam 
bath and the residue dissolved in 100 ml. of redistilled Skelly­
solve B. This solution vras run through a 2 x 20 cm. column 
consisting of a 2:1 mixture of silicic acid (Davco): Hyflo 
Supercel (Johns Manville). The silicic acid (8 mesh) was ground 
in a mortar to pass ^0 mesh before it was used. The chromato-
gram was developed with 200 ml. of Skellysolve B and the column 
eluted with a 1;1 mixture (by volume) of reagent methyl alcohol 
and C.P. acetone to remove the red band. The solvents were 
evaporated and the chromatography repeated. Finally the red 
oil was taken up in 100 ml. of purified absolute alcohol (p 37)* 
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TocoT)hf?rvl~r)«'aulnone 
0.1 gran of ^ -alpha-tocopherol (Merck), dissolved 
in 10 ml. of C.P. benzene, was titrated \«rlth 0.0123 N CeCHSO^.)ij. 
in 1»0 N sulfuric acid as jmsgosted by Gchulek aiid Roxsa (80), 
The eerie sulfate was added dropwlso to the vigorously stirred 
solution to v/hich 0.3 ml. of diphenylamine indicator had been 
added. The titration was continued until the blue "oxidation 
color" persisted for one minute. After titration, 20 ml. of 
benzene were added and the solution washed with three 10 ml. 
portions of 1.0 N sulfuric acid, then with a 25 al. portion 
of 5 pe3? cent and finally with water. The benzene solu­
tion v;as dried over anhydrous sodium sulfate; the benzene was 
then evaporated in vacuo. The yellow oily residue vras taken 
up in 50 ml. of purified benzene. Analysis of the benzene solu­
tion for tocopherol with the Devlin and Mat till (17) reagent 
Indicated that less than 1 per cent of the compound was toco­
pherol. 
2. Reagents 
a, Di-phenylamine sulfonic acid indicator 
Prepared as directed by Willard and Diehl (9^ p 2^6) 
from barium diphenylamine sulfonate (G. F. Smith Chemical Co.), 
b. Devlin ^ d Mattlll (9) tocopherol reagent (acetic acid) 
A 1,0 g, portion of reagent grade FeCl^. 61120 and 
2,5 g, of alpha,alpha'-dipyridyl (Fastman) were weighed into 
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separate 100 ml. beaJcers, dissolved in reagent glacial acetic 
acid (ca. 10 ml,), mixed and the volume made to 1 1. with 
glacial acetic acid. This reagent is a modification of that of 
Emmerie and Engel, 
c, Quaife and Blehler (6l) tocopherol reagents (alcohol) 
A 0,25 g. portion of FeCl^, 6H2O was dissolved in 100 
ml, of piirified absolute ethanolj 0«50 g, of alpha,alpha 
dipyridyl was dissolved in 100 ml, of purified absolute ethanol. 
This reagent is essentially that of Emmerie and Engel, 
d, Hills and Thiel peroxide reagents (26) 
Ammonium thiocyanate: A 30 per cent aqueous solution 
of iron free reagent ammonium thiocyanate was prepared and 
kept in a dark bottle fitted with a dropping pipette through 
the stopper. 
Ferrous chloride solution: A 0,5 g» sample of reagent 
ferrous sulfate was dissolved in 80 ml, of 0,1 N HCl and was 
mixed with 0,^ g, of reagent barium chloride (hydrated) in 50 
ml, of water. The precipitated barium sulfate was allowed to 
settle, the supernatant was decanted and was kept in a tightly 
stoppered brown bottle, 
e, Palladinized calcium carbonate was prepared according 
to the directions of Quaife and Harris (63): 
Suspend 50 g, of well washed calcium carbonate 
which has been precipitated while hot, in about 200 
cc, of water and mix the suspension by shaking and 
gentle warming with a solution of 1,0 g, of palladium 
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chloride. V/hen the liquid over the calcium car­
bonate is completely decolorized, pour off, wash 
the solid a few times with distilled water, and 
then filter at the pump. Wash the material on the 
funnel until the filtrate is free of chloride ions, 
dry in a vacuum desiccator and store in a well 
stoppered reagent bottle. The adsorbed palladium 
hydroxide is reduced during the determination. 
Baker's purified, precipitated calcium carbonate was found to 
be suitable. 
f. Cobaltous chloride solution 
A 9.52 g. portion of CoCl2«6 H2O was dissolved in 
100 ml. of solution containing 2 ml. of concentrated hydro­
chloric acid. 
g. Methanolic potassium hydroxide 
Two hundred g. of reagent grade potassium hydroxide 
were dissolved and the volume made to 1 1. with reagent grade 
absolute methanol. 
^Ive per cent pvrogallol 
Five g. of acid, pyrogallic, (Eastman) v;ere dissolved 
in reagent grade absolute methanol and were made to 100 ml. 
of solution. 
i. Two per cent Calgon 
Twenty g. of Calgon were dissolved in water and made 
to 1 1. of solution. 
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3. Absorbents 
a, Floridln columns prepared by the K.lolhede method (36) 
A 1,5 to 2 g, portion of Floridin (Floridin XXS, The 
Floridin Co., Vi'arren, Pennsylvania) and about 0.2^ g, of SnCl2 
were suspended in 5 of concentrated HCl, heated to boiling, 
and poured into an adsorption tube. The liquid was sucked 
down under vacuum (30 mm, Hg); two 5 ml- portions of absolute 
alcohol and five 5 ml. portions of benzene were added and the 
liquid sucked down to the surface with each addition, without 
letting the surface become dry. 
b. Floridin columns by the "modified" K.lolhede method 
Floridin XXS earth was prepared in the following manner: 
500 g. of Floridin XXS were placed in a beaker; 2 1. of 
per cent stannous chloride in conc, C.P. HCl v;ere added and the 
mixture was boiled for 1 hour. The liquid was removed by-
suction on a fritted filter and washed on the filter several 
times with water. This washed adsorbent was then transferred 
to tall cylinders and washed by a slow stream of distilled 
water introduced into the bottom of the cylinder by means of 
a glass tube. The rate of flow was such that there was agita­
tion v/ith a minimum of overflow. Washing was continued for 
2^ to ^8 hours until there was no detectable chloride in a 
sample of wash water. The pH of the wash water checked that 
of the distilled water used. When washing was complete, the 
excess water was removed by suction on a fritted filter; the 
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adsorbent vas air-dried and washed with C.P. or reagent benzene 
on the filter by suction until the; washings gave a 100 per cent 
transEiittance reading against pure benzene as blanlv in the Cole­
man spectrophotometer at 1+00 mu, (First waj-;hings were, at 
times, slightly turbid and colored brovm or yellow.) Tliis 
benzene-treated earth was again dried in a vacuum desiccator 
overnight, then stored in a shallow dish over a saturated so­
lution of Ca(N02)2 (280 g, of Ca(N02)2*^H20/100 ml. of water). 
Moisture oquilibriuni was reached in about t\^o weeks. Constancy 
of weight of a sample placed in a weighing bottle, indicating 
saturation with moisture, was checked if it was desired to use 
the adsorbent as soon as possible after preparation. 
c. Columns of K.iolliede Floridiji and alumina 
The Kjolhede Floridin vs.s prepared as described in 
a. above, v;ith the exception that after preparation in a sepa­
rate column it was placed above the alumina in a second column. 
The alumina was prepared according to Kofler (^+1). One kg. of 
80-100 mesh Fisher's Chromatographic Alumina was placed in a U-
liter beaker; ^00 ml. of conc. HCl and 50 g* of reagent ZnClg 
in 500 ml, of water vrere added. This mixture was stirred 
occasionally for three days and v;as then washed by decantation 
a few times. The solid was transferred into a large funnel 
(about 2 liter capacity) held upright on a ring stand and was 
further washed by running distilled water into the bottom at a 
rate uhich just kept the stem of the funnel clear of solids* 
This flov of water v/as continued •until the overflow vras clear 
and 10 ml, of the effluent \.'hen tested >:ith 0.1 per cent methyl 
red ii:dicator, just turned 1 drop of methyl red to a yellow 
color, Mion vashing \.'as complete (sir. to eight hours), the 
vet solid wac transferred to a 1 1, fritted Pyrex glass fil­
ter; the irater v:as reraovedj and the aliiinina uas dried by three 
100 ml. portion.': of C.P. acetone and by air drawn through the 
alumina, \'/hen dry the alumina vras placed in a vacuiaii desicca­
tor (no desiccant) and cvacuatcd h- or 5" times over a period 
of 2 days to remove acetone. Just prior to use, the alumina 
v;as heated for 1 hour in a muffle i>irnace at 600^ C, in Vycor 
or porcelain crucibles (about 10 g, placed in each crucible). 
After heating, the crucibles were covcrcd and the adsorbent 
v;as transferred, directly vrhile hot, into a 150 x cm, column 
with a plug of fine glass wool in the base through which a 
rapid stream of nitrogen v/as flowing upafard, Tlie iiot adsor­
bent was poured slowly do^ni the column against the stream of 
nitrogen so that it was partially cooled by the tine it 
collected ovor the glass plug in the base. The nitrogen was 
allowed to flow until the adsorbent wap at room tenperature, 
Airco 99*9 per cent nitrogen vras used for this purpose after 
it had been passed through a tube of Dririte, VHien the adsorbent 
vras at room temperature, enough for an 8 cm. colum was placed in 
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a beaker with purified benzene (one of the columns was used as 
a measure) to make a slurry and this was transferred to the 
column and v/ashed with two 5 ml. portions of benzene. The h cm, 
of Kjclhede Floridin was then placed on top of the alumina and 
the tube was washed v/ith fMo 5 ml* portions of benzene. The 
columns were then ready for use. 
In the experiments in which redistilled Skelly B was 
used instead of benzene the preparations were the same. The 
Floridin preparation was the same here as in a. above except 
that the adsorbent was washed on the column with Skelly B until 
there were no more "schlieren" in the drops coming from the 
bottom indicating complete removal of benzene. The Floridin 
thus prepared was transferred, using Skelly B, to the top of 
the alumina columns. 
When development was complete on the columns and prior 
to use of elution solvents, the Kjolhede prepared Floridin was 
carefully removed by use of suction, A glass tube of about 
h ram, bore was comiected to a suction flask half filled with 
water and the v:ater pump turned on. Thrusting the tube gently 
into the surface of the adsorbent, the layers were removed 
slowly until only the alumina remained. One precaution was 
necessary, the tube could not be thrust below the surface or 
air v;ould be drawn into the bottom of the colum by capillary 
action. The last traces of Floridin were carefully removed by 
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wrapping a piece of tissue around the tube connected to the 
vacuum, and carefully wiping the inside of the adsorption tube. 
The columns were then eluted and the eluent v/as collected for 
assay. 
k. Solvent Purification 
a. Peroxide free ether 
Anhydrous, reagent-grade ethyl ether was distilled 
from 10 g. of KOH pellets and 2 g. of crystalline reagent grade 
per liter (the first and last 200-300 ml, of a ^  liter 
batch were discarded) and was stored in a dark bottle at 20° C, 
b. Ethanol 
U.S.?, absolute alcohol was distilled (after one hour 
refluxing) with 20 g, of KOH and ^ g. of aluminum per liter, 
c. Cyclohexane 
Cyclohexane was prepared by shaking 3 liters with five 
120 ml, portions (or more if the fifth sulfuric acid portion 
darkened) of C,P. conc, sulfuric acid per 1,, then 5 times with 
100 ml. water. It was dried over ^-00 g, of anhydrous sodium 
sulfate and distilled; the first and the last 50 ml, of dis­
tillate were discarded. The cyclohexane distilled between 
79.2° and 80° C, 
d. Methanol 
Methanol was purified by the method of Hills and Thiel 
(26) by refluxing reagent grade absolute methyl alcohol k hours 
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over 5 g» of magnesi-uM ribbon per liter and distilling* 
e. Benzene 
Reagent, thiophene-free benzene was refluxed 1 hour 
over 20 g, KOH * ^ g, aluminum per 1. and distilled, discarding 
the first 50 ml. of a liter batch of distillate, 
f• Purified isooctane 
According to Graff, O'Connor, and Skau (21) 100 g. of 
silica gel (Davco 659528-2000) were placed in a column 120 cm. 
long X ^-,0 cm. in diameter and 1. of isooctane, (Eastman 
99»5'f per cent pure 2,2,'+-trimethylpentane) v/ere passed through. 
The level of the liquid was maintained above the top of the ad­
sorbent by adjusting the flow rate from a large separatory 
funnel suspended above the column. 
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C • Apparatus 
The following apparatus was employed: 
A size 2 International Centrifuge. 
A Cenco Number ll60^ International Clinical Centrifuge, 
Three different model 11, Coleman Universal Spectrophoto­
meters and one set of 23 matched Pyrex cuvettes, calibrated 
v;ith nach spectrophotometer using cobaltous chloride solution 
(p 32 f.). 
Tvj^o different Model DTJ, Beckman ^Spectrophotometers and 
matched Beckman Silica cuvettes were employed* 
A home-made constant temperature box employing a dark-room 
fan for c3.rculating air and electric lamps for heat, and regu­
lated by a Fenwall air thermoswitch to operate at ^-0° C. • 0.5° C. 
A commercial electric household refrigerator operating at 
35® F. 
A commercial ice creairi holding cabinet held at -10 to 
-15° F. 
A Sargent laboratory air oven regulated at 100® C. 
A 10 g. butter moisture scale with a sensitivity of 25 mg* 
A standard Ainsworth chainomatic analytical balance. 
A Roller-Smith micro torsion balance with 125 mg. capacity. 
All glass stills fitted with standard taper joints for re-
fluxing and distilling solvents. 
STAiV^ARD laPER 
solvent 
T O  V A C U U M  
PUMP /MTER BATH T R A P -
Fig, 1. '/acuum evaporation apparatus for removal of 
volatile solvents. 
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A micro hyd.rogenation apparatus from Vacuum Equipment 
Division, Distillation Products Inc. as indicated by Quaife 
and Biehler (6l), 
A vacuum evaporation apparatus for removal of volatile 
solvents at temperatures below their boiling points at atmos­
pheric pressure. See Figure 1. 
D. Methods 
Ferrimetric Determination of Peroxide (Hills and Thiel (26)) 
V/eighed fat samples (ca, 1 g.) were dissolved in a 7:3 
mixture of purified benzene (p 38 ©•) and purified methanol 
(p 37 d.), and were made to volume (50 ml. if the peroxide con­
tent was ca. 3«0 m.e. per kg.). An aliquot (1 to 9 ml. to give 
a reading between 20 and 90 per cent transmittance) was pipetted 
into a 10 ml. graduated amber cylinder, the volume was made to 
9*90 ml. with the benzene:methanol solvent, one drop of 30 per 
cent ammonium thiocyanate (p 31 d*) vas added, and the cylinder 
was stoppered and shaken to dissolve the reagent. One drop of 
the ferrous chloride reagent (p 31 ©•) was added and the cylinder 
again stoppered and shaken until the solution was homogenous. 
A (reagent) blank was prepared containing solvent (9*90 ml.) 
and reagents; a fat blank was prepared containing an aliquot 
of fat identical with the sample, solvent to make the volTime 
9»95 ml., and one drop of 30 per cent ammonium thiocyanate. 
All cylinders vrere tightly stoppered and placed in a vrater 
•bath at 60° C. for three minutes, cooled to room tenperatui'e in 
a water "bath and poured into separate ns.tched cuvettes for 
color intensity raeasuroraent. 
The sample, the reagent blanlc and the fat "blanlc \:ere read 
against benzene:methanol set at 100 per cent transmittance with 
the wrvelonsth setting on the Coleman Spectrophotometer at 510 
nu. Hhe cuvettes vere raatched "^/ith cobaltous chloride solution 
at ^10 mu (p 32 f.)» The results v;ere calculated as follows: 
I» m.e. perox.Ag. = 
(2-log T, samp*) - (2-log T, reagt. blanlc * 2-log T, 
fat blank) 
regression constant x g. fat in soln. read 
If the m.e, of peroxide were calculated separately for the sample 
and blanks from the established regression, the peroxide con­
tent of the sample vras calculated by equation II: 
II# ra.e, perox./kg, z 
(m.e. perox., samp.) -(m.e, perox., reagt. blk • 
m.e. perox. fat blank) 
g. fat in soln. read 
a. Determination of standard regressions 
(1) From ferric chloride. The standard ferric 
chloride solution (p 27 b.) was diluted with benzene:methanol 
to obtain a series of solutions (minimum 7) that covered the 
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range 0.02 to 0,^ microequivalents of iron per ml. of solution. 
Aliquots (less than 9 ml*) were pipetted from each solution 
into a 10 ml,, glass-stoppered graduated amber cylinder, and 
the volume made to 9*95 with benzene methanol solvent; one 
drop of ammonium thiocyanate was added (but no ferrous chloride) 
and the analysis completed as with the sample. 
(2) From hydrogen peroxide. Standard hydrogen per-
^ide solutions lp^8 c.) were diluted with benzene:methanol 
to obtain a series of solutions which cover the range 0.02 to 
0.^-0 micro equivalents of hydrogen peroxide per ml. of solution 
and these solutions aliquoted as in (1) above. The analysis of 
these solutions proceeded as for the fat (a. above). 
The standard regressions obtained for the Hills 
and Thiel method were: 
III. Micro eq. of iron - 2.00? > log T 
1.7^3 
17. Micro eq. of hydrogen peroxide - ^ 
1.2^ 
The two curves had different slopes. The color development per 
equivalent was less with hydrogen peroxide than with ferric 
chloride. The ratio of the values by the two methods is: 
H2O2 . 1.7^3 g 1>^3 
FeCl^ " I.2W 1 
Order of addition of reagents 
The ammonium thiocyanate solution was added prior to 
the ferrous chloride in the analytical procedure as directed by 
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Bird £t (1). The reagent blanks obtained generally read 91 
to 9^ per cent transraittance, against the solvent at 100 per 
cent. There was usually little change until the reagent was 
one week old. 
The maxiraum absorption at 510 imi was established by 
plotting T against wavelength of light employed. The maximum 
is broad; the slope of the curve is nearly zero from 500 to 
520 mu, 
2, The iodometrlc determination of peroxide 
The Lea (^3) method was used. One gram of the melted fat 
was weighed on an analytical balance into a 250 ml, iodine flask 
50 ml, of 3:2 reagent glacial acetic acid: reagent chloroform 
mixture was added to dissolve the fat, then 1 ml, of a saturated 
solution of potassium iodide was added. The flask was stoppered 
shaken and placed in the dark exactly one minute, then 100 ml, 
of water were added and the liberated iodine was titrated \^rith 
0,002 N NagSgO^ (p 28 d,) to a starch (2 ml, of 1 per cent so­
lution) end point. The ml, of 0,002 N WagSgO^ is equal to the 
millimols of peroxide per kilogram of fat. The blank con­
sisting of all the reagents used was titrated in the same manner 
as the sample and a correction made, 
3» Preparation of gtandard Regression Equations for the 
Determination of Tocopherol 
The Devlin and Mattill glacial acetic acid reagent (p 30 
b,) was used as the color development reagent. 
Sultable (purified benzene) dilutions of standard toco­
pherol solutions (p 27 a.) were made and aliquots of these dilu­
tions were talien, such that quantities of tocopherol of froa 
about 2 to VOO meg, \/ere obtained in the final test solutions. 
An aliquot (10 ml, or less containing from 10 to 100 mcs./ml.) 
was placed in a 25 ml, glass stoppered raixing cylinder. The 
volume was made to 10 ml, with benzene, 2 ml, of color develop­
ment reagent vjeve added, and the volume was made to 25 ml, with 
alcohol. The tube contents were mixed by inverting several times, 
the mixture allowed to stand ten minutes, then transferred to 
cuvettes and read agaliist a blank treated in the same manner 
with no tocopherol added. The regression equation was calcu­
lated from the log of the percentage transmittance and the 
concentration values, and from this regression equation, a 
table prepared by calculating the meg, of tocopherol repre­
sented by any percentage transmission reading from 100 to 20 
per cent in 0,2 per cent intervals. 
The meg, of tocopherol in the sample were read from this 
table directly. The meg, of tocopherol per sample v;ere divided 
by sajaple weight to give the tocopherol value in meg, per g, 
of fat. 
The matched set of 23 tubes was used for this determina­
tion# These tubes vrere checked against one tube as a standard 
using the solution of CoC12#6H20 in water (p 32 f»)« 
Analysis of Milk Fat Samr)les for Toconherol by the K.lolhede 
and Modified K.lolhede Methods 
The modified adsorbent consisted of a slightly packed 
column of prepared Florldin (p 33 b.) (about 0,9 x 8,0 cm.) 
which had been previously wetted with about 20 ml. of benzene, 
ColTirans were made of 9 nira, glass tubing about 20 cm, long, 
fused to a piece of 18 mm, tubing about 6 era, long to serve 
as a reservoir, A constriction was made about 2,0 cm, from 
the bottom of the tube to hold a pad of glass wool in place. 
The glass wool served to retain the adsorbent in the column. 
The Kjolhede adsorbent was prepared in the column (p 33 a,) 
and vras used Immediately, The two procedures were identical 
excepting for the adsorbent used. Four g, of fat were weighed 
into a small Frlenraeyer flask and 10 ml, of benzene were added. 
The dissolved fat was poured upon the wetted column. When the 
top meniscus of the fat: solvent mixture .just reached the top 
of the adsorbent, a 5 portion of benzene was added; this 
was allowed to percolate through until the top meniscus was 
again at the top of the adsorbent when a second 5 ml, portion 
of benzene was added. This was repeated until 25 ml, of ben­
zene were added. Percolate and washings were collected in a 
125 extraction flask with 2^A0 fitting. This flask was 
attached to a vacuum evaporative apparatus (Figure 1) and the 
solvent evaporated, A v:ater bath maintained at about C, 
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was used. The residue was transferred to another 125 nil, extrac 
tion flask v;ith about 30 ml. of redistilled Skellysolve B, and 
the evaporation v;as repeated, ^lien this solvent vras removed, 
2 ml, of benzene were introduced into the extraction flask 
through the stopcock in the top of the evaporation apparatus. 
The residue in the extraction flask x^as transferred to a 25 ml, 
glass stoppered amber graduated mixing cylinder, with a volume 
of benzene such that the benzene: alcohol ratio stayed constant. 
To maintain a constant benzene;alcohol ratio, the following 
calculations v^ere made: 
V, ml, of benzene - x 25 - (ml, of fat •» ml, of reagent) 
VI, ml. of alcohol s M x 25 - (ml, of fat * ml, of reagent) 
22 
Two ml, of the Devlin and Mattill reagent were always 
used. The total volume was 25 ml. 
The order of addition was; Benzene solution of fat, ben­
zene, reagent, and alcohol. The contents of the cylinders were 
mixed and the tube contents transferred to cuvettes for reading 
against a blank (set at 100 per cent transmittance) containing 
reagents and solvents but no fat at 520 mu on the Coleman Model 
11 Spectrophotometer, Readings were generally taken 1 minute 
after the addition of the reagent unless changes in reading with 
time were being studied. 
Note; For alpha-tocophsrol there was no appreciable 
change in the readings of the samples with time. 
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The spectrophotometer readings were converted to micro­
grams of tocopherol by reference to the table prepared from 
the standard cvirve (p U-V 3,). 
5. Analysis of Milk Fat Samples for tocopherol by the Quaife 
and Biehler (6l) Method (as modified by Quaife (59)) 
Readings in the range between 50 per cent and 90 per cent 
transmittance were obtained using a sample weight of 1 g. of 
fat in 15 ml. of 1:1 ethanol (p 37 b.)tcyclohexane (p 37 c.) 
solution. About 0,1 to 0,2 g, of pall^dinized calcium carbonate 
(p 31 ©•) catalyst were used and the solution was hydrogenated 
at 20 lbs, pressure for 3 minutes in 50 ml, centrifuge tubes. 
The hydrogenation was carried out in the right hand tube of 
the Quaife and Biehler apparatus (61), the left hand tube being 
filled with solvent to minimize evaporation and cooling in the 
tube containing fat and catalyst. When hydrogenation was com­
plete, the valve on the apparatus was opened very slightly 
while the low pressure valve on the regulator was closed. This 
allowed the pressure to drop, and as soon as the pressure was 
down to about tv^o pounds on the apparatus gauge, the right hand 
tube was removed. This cleared fat and solvent from the dis­
persion tube. The contents of the tube were then transferred 
to a 15 ml. conical glass stoppered centrifuge tube and immed­
iately placed in a clinical type centrifuge and centrifuged 5 
minutes at 2000 r,p,m, A maximum of h replicates were run in 
this mariner; then, immediately 8 ml. aliquota were taken from 
the supernatant liquid and placed in amber glass stoppered 
mixing cylinders, A reagent blank was prepared with 8 ml. of 
solvent only. One ml, of alpha,alpha'-dipyridyl solution (p 31 
c.) was added to each tube containing the 8 ml, aliquots of so­
lution, including the reagent blank. Another blank containing 
only solvent v;as set at 100 per cent transmittance at 520 mu. 
One ml, of the FeCl^ (p 31 c.) solution was pipetted rapidly 
(less than 5 seconds) into the tube, the tube was rapidly in­
verted t\>/ice, the contents transferred to a cuvette and readings 
taken at exactly 1? seconds and at 10 minutes after addition of 
last drop of FeCl^. The reagent blank was read in the same 
manner. All were measured against the solvent set at 100 per 
cent transmittance. A fat blank of 8 ml, of the hydrogenated 
solution diluted with 2 ml. of absolute alcohol was also measured 
against the solvent at 520 mu to correct for absorption due to 
the fat. The micrograms of tocopherol represented by the per 
cent transmittance of the blanks was subtracted from the meg, 
of tocopherol represented by the per cent transmittance of the 
sample. This value is the meg, found in the final test, 
meg, of toco- - meg, in final test x 15 x 1 
pherol/g. fat " o sample wt, in g. 
The data for the standard regression equation was obtained in 
the same manner as that for the Kjolhede method (p >+3 c.), ex­
cept the reagents employed were those described for this method 
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and quantities of tocopherol required in the final 10 ml, volume 
were about 10/25 of those required for the Kjolhede method. The 
standard tocopherol solution (p 27 a.) is best made up in cyclo-
hexane solvent. 
6, Sanonlflcation of Milk Fat and rix tract ion of Toco-pherol 
from the Saponification Mixture for TocoT?herol Assay 
Ten g, samples were veighed into 150 ml. extraction flasks 
\i;ith standard taper necks, 5 rnl, of 5 por cent pyroRallol (p 32 
h.) and 20 ml, of 3.5 N KOH (p 32 g.) irere added. The flasks 
were connected to a reflux condenser fitted with a tube for in­
troducing nitrogen into the extraction flask. A cup vith vater 
at 70° C, was placed under the flask and a small flame was 
placed under the cup to maintain the water temperature at 70® C. 
^lien the first drop of condensate fell from the condenser tip, 
the time was noted and the saponification v;as allav;ed to pro­
ceed for 10 minutes. The flask was then removed and MO ml. of 
vrater were added immediately, followed by 20 ml. of C.P. absolute 
methanol. The flask was cooled in water. After cooling, the 
contents of the flask were transferred to a 250 ml. amber, Souibb-
type separatory funnel, using 60 ml. of water and 80 ml, of 
peroxide-froe ether (p 37 a.). The funnel was shaken vigorously 
10 tiraes and the layers allowed to separate, the aqueous layer 
was run off, and the ether layer vjas poured from the top into 
a separate flask. The aqueous layer was returned to the funnel 
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and the extraction repeated twice with 50 ml. of peroxide-free 
other, y>,fter the last extraction, the combined ether extracts 
were rotiirned (quantitatively) to the funnel and the extract was 
washed ^•j'ith 50 ml. of 1 per cent KOH, 50 ml. of 2 per cent Calgon 
(p 32 i.) and two 50 ml. portions of water. The washed extract 
was dried by addition of HagSO^ and "by passing through a filter 
paper (18.5 cm, folded l^niatiaan, Wo. 12). The ether was removed 
by evaporation in vacuo. Vlhen all of the ether was removed, 
2 ml, of benzene were introduced through the stopcock of the 
vacuum evaporation apparatus and the flask filled with nitrogen. 
The residue was transferred v:ith benzene and made to 25 ml. in 
a volumetric flask, Aliquots were taken for assay. 
7. K.lolhede Floridln: Alumina Chromatographic Method for 
Tocopherol Determination 
The columns were prepared as previously directed (p 3^ c,). 
Solutions of fat in benzene (20 ml. of a solution containing 
5 g. of fat or the non-saponifiables from 5 g» of fat) were 
poured onto the top of the column. Benzene was added in 10 
ml. portions until 50 ml, of percolate were collected. The 
Floridin was removed from the alumina as described in "Prepara­
tion of absorbents". Absolute alcohol was poured onto the 
column in 5 ml, portions until 25 ml, of eluate was collected. 
The solvent capacity of the 8 cm. column was found to be 5 ml. j 
thus the eluate contained 5 nil* of benzene and 20 ml, of alcohol. 
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For assay a 15 ml. aliLiuot was used, 5 nil. of benzene and 2 ml. 
of the Devlin and Matt ill reagent (p 30 "b.) were added, and the 
volume \^as made to 25 ml. vrith benzene in a glass stoppered, 
graduated amber mixing cylinder. The contents of the cylinder 
were mixed, a portion of the contents transferred to a cuvette 
and the percentage transmittance was read at 520 mu 1 minute 
and 5 minutes after addition of the Devlin and Mattill reagent. 
A blank of solvents plus reagent in the sane proportions as 
employed >7ith the sample, was prepared and set at 100 per cent 
transmittance. The meg, of tocopherol contained in the sample 
were determined from the tocopherol standard curve prepared 
with the Devlin and Mattill reagent in the same manner as in 
the Kjolhede procedure, 
E, Results 
Study of Saponification Methods 
a. Preliminary studies with the saponification technique 
recommended by Emmerie and Engel (10) (11) indicated that 
saponification was not complete. For this reason the concen­
tration of alkali necessary to obtain complete saponification 
of the glyceride was determined. In the same study, the 
effect of the addition of pyrogallol to the saponification 
mixture was determined. The saponifications were conducted 
in 150 ml, amber extraction flasks fitted with standard taper 
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2^A0 ground joints attached to reflux condensers. The alkali 
solutions were added to the weighed fat samples, after the 
addition of pyrogallol (if pyrogallol was used). The saponi­
fication and extraction procedure described (p 6,) was 
followed except for variations noted in the tables, 
Study of alkali and pyrogallol concentration 
The data in Table 1 indicate that in order to have 
complete saponification it was necessary to employ an alkali 
stronger than 3.ON; 3*5 N methanolic KOH was selected to 
assure complete saponification. They likewise indicate that 
5 ml, of 5 per cent pyrogallol will prevent destruction of 
tocopherol during saponification. 
Another study was conducted to compare the results ob­
tained with whole fat with those obtained with the non-saponi-
fiable fraction, and to determine the effect of the addition of 
5 ml, of 5 per cent pyrogallol when the saponified samples were 
passed through the Kjolhede and the modified Kjolhede adsorbents. 
In all cases, a sample of the fat that was used for saponi­
fication was weighed and assayed as such. The data from these 
experiments appear in Table 2, Statistical analysis of these 
data shows that at the 10 per cent level there is a signifi­
cant difference between values obtained by the KJolhede pro­
cedure and those obtained by the modified Kjolhede procedure 
when pyrogallol was used in the saponification mixture. There 
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Table 1 
Effect of Concentration of Alkali upon Volume of Ilon-
Saponifiable Fraction and Effect of Pyrogallol and Con­
centration of Alkali upon the Tocopherol Value 
Tocopherol^ 
Description Sample 11 of Ml. of % In mcg./g. 
of fat number alkali-'- pyrogallol of fat 
Ml. of non-
sap. from 
10 g. fat 
1.5 month 1 
old milk 2 
fat 
e 
8 month old 1 
milk fat 2 
Iowa fat 3 1 
mo. at 2 
-20® C. 
Same fat 1 
stored 2 2 
weeks in 3 
F. box h 
Note: The ether 
Same fat 1 
one day 2 
































































































































1. 20 ml. of alkali of the conc. shown was used. 
2. Tocopherol values with the Devlin and Mattill reagent 
after KJolhede treatment. 
3. A few waxy drops. 
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is no significant statistical difference at the 10 per cent 
level between the values by these procedures when the samples 
were not treated with pyrogallol. There is a marked differ­
ence in the tocopherol values between the pyrogallol treated 
and non-treated samples, with both the modified Kjolhede and 
the Kjolhede methods (without pyrogallol the values are about 
20 mcg./g. lower). Not enough samples of the whole fat were 
run to check the differences between this and saponified fat 
by statistical methods, but there appear to be slightly higher 
values as a result of the saponification treatment (with added 
pyrogallol). 
Table 2 
Tocopherol Values of a Sample of Fat Analyzed Before and After 
Saponification, in the Absence and Presence of Pyrogallol, by 
•the Kjolhede and Modified Kjolhede 
Methods 
Tocopherol values (mcg./g. of fat) 
Sample Sapbnii^led fat Whole fat 
number WijJi ijyrogallol Without pyrogallol No pyrogallol 
K.lolhede Modifie^^ K.lolhede Modified K.lolhede Modified 
1 70.0 62.3 51.8 ifl.O 56.6 ^-9.0 
2 67.h 57.9 ^3.0 33.6 
3 62.5 65.0 33.2 37.7 51.2 ^9.1 
^ 63.M- 53.8 3^.6 22.7 
5 77.5 56.5 36.0 37.9 63.2 56.6 
6 57.9 6^.2 29.9 ^0.^ 
Average Self 59^3 fO ^77^5 ^2TF 
std. error 
of mean 6.8 V.3 
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Comparison of ^ methanollc KOH procedure and the 
vitamin A saponification procedure 
For the more rigorous saponification method of the 
vitamin A determination procedure (83) (5 ml, of a solution con­
taining 150 g. of KOH/165 ml, of solution) about g. of KOH 
are used per 10 g, of fat, while the 20 ml, 3*5 N KOH used here 
results in 3*9^ g. per 10 g, of fat. The concentration in the 
saponification mixture is 180 g,/liter in the first case, 
158 g,/liter in the latter case. It is of interest that 
Chipault, Lundberg, and Burr (7) recommend 17 ml, of 3*5 N KOH 
for 8 or 9 g* of fat. It must be remembered, however, that 5 nil, 
of 5 cent pyrogallol added to the saponified mixture re­
duces the concentration of alkali from 70 to 6M-.1 mlllequiva-
lents per sample as shown by calculating the m,e, of alkali 
needed to react with the pyrogallol. 
? ? s .25 g. pyrogallol/sample 
100 
s .00198 mols, - 1,98 m.mols. s 5»9^ m.e. pyrogallol 
20 ml. 3.? N KOH - 70 m.e, of alkali 
Comparison of the saponification method used for the vitamin A 
procedure (U, S, Technical Committee on Vitamin A Researchs 
(83)) with that (p 50) using 3.5 N methanolic KOH indicated no 
significant difference in the tocopherol values obtained with 
either the Kjolhede or the modified KJolhede methods (Table 3)« 
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The peroxide was not significant in the non-saponifiables ob­
tained from the vitamin A saponification. (It will be shown 
later (Table 21) that this is also true of the procedure using 
3.5 N methanolic KOH.) 
d. Study of saponification procedure in air and in nitro-
A study was made to determine the effect of a nitrogen 
atmosphere in the saponification flasks during saponification. 
Table 3 
Comparison of the Saponification Procedure of the Vitamin A 
Method with that Employing 3»5 N KOH in Methanol 
Tocopherol value Perox. value 
Pyro- (meg./g. of fat) (m.e./kg.) 
Sample Sapon. gallol KJol- Modi- Un-
number procedure added KJolhede Modified hede fled treated 
1 Vlt. A-*- • k6,k~k6,0 37.8-39.2 0.00 0.00 0.012 
2 Vit. A + ^5.8-^-6.7 ^ 2,7-^2.7 0.00 0.00 0.007 
3 Vit. A 0 30.6-31.2 25.8-26.3 0.00 0.00 0.012 
k Vit. A 0 31.0-32.2 25.8-26.^ 0.00 0.00 0,009 
5 Not sapon 0 55.^-56.6 lf6.0-^5.8 0.00 0.00 3.19 
6 3.5 H KOH + V6.7-^5.8 ^ 1.1-^2.7 0.00 0,989 0.010 
7 3.5 N KOH •t Mf.9-if6.0 ^ 0.3-^1.2 — mmmm 0.015 
8 3.5 N KOH 0 32,M-32.8 26.2-26.8 — — — 
9 3.5 N KOH 0 29.6-30.2 2^.2-2»f.8 — — 
10 Not sapon 0 57.^-55.8 ^ 9.1-37.7 — mmmm 3.02 
1. Procedure recommended by the U. S. Technical Committee 
on Vitamin A Researches (83) 
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Eight 10 g. samples were saponified and extracted by the pro­
cedure described (p 50)» with the exception that one half of 
the samples were saponified under Ng and the other half in air, 
Pyrogallol was used with one half of the samples and was not 
used with the other half. All samples were assayed by both the 
Kjolhede and the modified Kjolhede methods. 
The data (Table ^•) indicate that there was no differ­
ence as a result of the nitrogen treatment. 
It may be concluded that the saponification procedure 
adopted for use compares well with the vitamin A procediire, 
that in the presence of pyrogallol, nitrogen has no beneficial 
effect, that peroxide is destroyed by the vitamin A method, 
and that the Kjolhede method gives higher values than the modi­
fied method when the non-saponifiable fraction is employed, 
2, substances Thought to Interfere with the Tocopherol Deter­
mination 
Peroxides were believed to interfere vfith the Emmerie 
and Engel color development reaction, 
(1) Removal of peroxides by miscellaneous methods. 
Preliminary studies of several methods which were reported in 
the literature or postulated as means of removal of peroxides 
from milk fat were conducted in an attempt to develop a means 
of peroxide destruction or removal without interfering with 
the subsequent tocopherol determination. 
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Table h 
Effect of Nitrogen Atmosphere miring Saponification on 
Tocopherol Values (racg./g. of fat) Compared with 
Values Obtained on liJhole Untreated Fat 
Sapon. Treatment 
Pyro- Nitro-
Sample gallol gen at-
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1. The corrected values were obtained by the method des­
cribed by Quaife ^  al. (66) in which the correction due to 
carotene is obtainedTy use of the density readings of the 
solutions used for assay at H60 rau and 520 mu. The corrected 
values check the Kjolhede method rather well. 
Quaife. ^  report that the correction factor in­
volving a dilution of 57.V69.6 is equal to 0,29 * D]4.5q, With 
no dilution involved this would be 0.352 x of 
the yellow solutions above diluted to the same concentration as 
the final assay equals 0.1201. The Dtjoo this solution equals 
O.OHlO. O.OHlO/0.1201 r 0.3^2. This^Is believed to be good 
confirmation of the Quaife et value. Calculating the cor­
rection due to carotene for our solutions by the method of 
Quaife: (0.1201 x 0,352)/.00lH60* x 1/1.6* ^  18.2 meg. per g. 
Calculating the correction due to carotene using 0520* 
.0Hl0/.00lH6» X 1/1.6^^ z 17-55 meg. per g. These corrections 
check within experimental error. 
r'=gression constant. 
^The weight of fat in assay, 
2. No corrections for yellow color of untreated fat. 
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(a) The Parker and McFarlane method (55) for 
removal of pigments, vitamin A and other interfering materials 
was used irith millc fat. Preliminary vork indicated that per­
oxides v;ere partially removed and pigments completely removed 
by the 85 per cent sulfiiric acid treatment of Skelly B solu­
tions of milk fat. The method v/as unsatisfactory for milk fat 
because troublesome emulsions vere formed which caused the re­
sults to be erratic, 
(b) Potassium iodide, which is ImofiAm to react 
vfith peroxide in acid solution was used in an attempt to pro­
duce peroxide free solutions which could be assayed for toco­
pherol. Peroxides vrere titrated by the Lea method (p Ulf); 
the chloroform layer of the titration mixture was removed and 
the chloroform evaporated in vacuum. The tocopherol value 
of the residue was determined with the Devlin and Mattill 
reagent (p 30 b). Recoveries of alpha-tocopherol added to 
oxidized fat were low, hovrever, and the method was abandoned 
since it was indicated that some side reaction had occurred. 
(c) Stannous chloride was used in alcoholic so­
lution in an attempt to destroy peroxide. 
Two ml. of a freshly prepared solution of 
stannous chloride in alcohol, (ca. 0.25 g» SnClg/ml.) were 
added to ^.25 g. of fat and allowed to stand 5 minutes with 
occasional shaking (about once/minute). At the end of 5 minutes, 
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30 ml. of CHCl^ were added and the alcohol removed by washing 
3 tiraes with water• The CHCl^ layer became viiite and trans­
lucent. Ten ml, of acetic acid and 1 ml. of a saturated solu­
tion of KI were added and the mixture allowed to stand in the 
dark 10 minutes. At the end of this ti:iie the mixture was 
titrated with 0.002 H thiosulfate to a starch end point, 




This experiment indicated apparent removal 
of peroxide but the translucence of the solution indicated 
that SnClg had not been completely removed. KJolhede reported 
that SrjCl2 was insoluble in petroleum ether. The fat was 
treated, therefore, with alcoholic SnClg, was extracted from 
the alcohol and SnClg mixture with Skelly F,, the Skelly vas 
evaporated and the peroxides and tocopherols were determined on 
the residue (sample I). It was considered that it might be 
possible to destroy excess SnClg by reaction v/ith HgClg# Another 
sample (sample II) was treated with 5 ml, of concentrated HCl 
plus 5 ml. of 10 per cent HgClg, a third sample (III) was 
treated with HgClg only, and a fourth (IV) with HCl only. The 
control (V) used was treated with Skelly F only. The HCl was 
used in an attempt to prevent formation of colloidal Sn(0H)2 
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from hydrolysis of the SnCl2 in the neutral solution. All 
saraples wore run tlirough fritted glas? filters to assure re­
moval of precipitates. The samples to which concentrated HCl 
had heen added had a distinct odor of hutjrric acid. Sample II 
uas the only one for which reasonable values were obtained, 
i,e,, the peroxide was reduced and a higher value was obtained 
for the apparent tocopherol content. 
Table 5 
Tocopherol and Peroxide Values Obtained vjith a vSingle 







I Slcelly only • SnCl2 excessively high negative 
II Skelly f SnCl^ • 
HgClg • HCl 
58.^ 0.0536 
III Skelly 4 SnClp • 
HgClg 
cloudy 0.360 
IV Skelly • SnCl2 *1101 cloudy cloudy 
V Skelly only 3^,6 1.3^ 
Blank 0,0 0,0 
1, Determined by method (p M-6), 
An experiment based upon the results ob­
tained above was run to check the recoveries of added toco-
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pherol to fat treated in a manner similar to Sample II, The 
treatment differed in that 5 nil* of ca. 1,2 H HCl were used 
instead of the ? ml, of concentrated HCl employed with sample 
II above. Dry filter paper was used in place of fritted glass 
filters in order to remove the excess moisture, which had a 
tendency to cause clouding of the assay mixtures. Table 6 
contains the results of this experiment. 
Table 6 
Recoveries of Alpha-Tocopherol Added to Milk Fat, Which was 
Subsequently Treated with SnCl2 to Remove Peroxide and 
with HgClg to Remove SnCl2 
Sample meg, Tocoph, meg. Tocopherol/ ft Recov, of 
number g. Fat added g, fat found^ added tocoph, 
1 ,^2? 0,0 9.0 
2 0,0 13,1 
3 k.25 0,0 12,2 
h 2,12 3^1.0 10,»f -0,3 
5 2^3£ 3^1.0 7*1 -1.3 
1, Determined by modified Kjolhede method (p 4-6) (omitting 
adsorbent treatment). 
No added tocopherol was recovered. This negative recovery may 
result in part from excess HgClg for when FeCl2 was added to 
the tocopherol reagent in an attempt to obtain color develop­
ment in the presence of HgCl2) it was found that there was 
only very slight color development. If the FeClg was added 
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first there was good development of color but upon addition of 
HgClg the color receded slowly. The data are given below: 
Description of contents and order Transmittance (10 minOj 
of addition of constituents of solvent set at 100;^^ T 
assay mixture at 520 mu 
Tocopherol reagent alone 92,0 
Tocopherol reagent • FeCl2 20.0 
Tocopherol reagent • FeClo * 
HgClg 26,0 
Tocopherol reagent + HgCl^ * 
FeClg 90,0 
This experiment showed that HgCl2 could not be used for re­
moval of SnClg, if any HgClg was left in the assay mixture. 
This technique was abandoned. 
(d) Heating with carbon disulfide was attempted 
since it was believed possible that this solvent would act as 
a reducing agent toward peroxide and thereby prevent inter­
ference in the tocopherol assay. The apparent peroxide content 
of the fat was increased by the carbon disulfide treatment as 
determined by the Hills and Thiel method (p M-1), This treatment 
was not considered satisfactory, 
(e) Sodium bisulfite was used according to 
Knight and Swern (37) vho reported stirring an ether solution 
of fat with an aqueous solution of bisulfite as a successful 
means of removal of the interference due to peroxide in the 
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determination of carbonyl oxygen, iodine value, and saponifica­
tion value* Some samples were reduced in peroxide value from 
over 5»0 to values of 0,3 m.e./kg. Other samples contained 
considerable peroxide after treatment. The tocopherol value 
was apparently increased by this treatment. This technique 
was not considered satisfactory. 
(2) Chromatographic methods for removal of peroxide, 
(a) The use of solid adsorbents for the removal 
of substances v;hich interfere in the tocopherol determination 
has been reported in several papers, KJolhede (36) reported 
good recoveries; he employed Floridin earth, especially treated 
with SnClg and HCl just prior to use. In a preliminary study, 
the percolates obtained from Kjolhede's Floridin XXS were per­
oxide free when a solution of fat which initially contained 
0.35 m.e.Ag« were employed. The tocopherol assay value of 
the fat before treatment was 3 mcg./g.; after treatment it was 
ifl mcg,/g. The alcohol eluate from these columns was tested 
for peroxide and found to contain more peroxide per g, than 
the original fat. 
(b) Floridin XXS preparations, Emmerie and 
Engel (16) stated that tocopherol recovery was improved when 
their HCl treated Floridin, water-washed free of chloride, 
was stored in a desiccator over a salt solution which main­
tained 18 per cent absolute humidity. They like\irise stated 
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that they had satisfactorily prepared and stored Kjolhede's 
adsorbent in large batches covered vrith benzene. It was 
postulated that if the Kjolhede adsorbent could be stored and 
if the optimal conditions for storage of the IlCl treated, 
washed Floridin were in an atmosphere of 13 per cent moisture, 
it might be possible to treat the adsorbent with HCl and 
SnClg, wash the adsorbent free of chloride ion and dry and 
store until used in a desiccator maintained at 13 per cent 
absolute humidity. This modified Kjolhede adsorbent was pre­
pared (p 33 b.) to determine whether or not accurate results 
could be obtained, because preliminary work with the Kjolhede 
adsorbent and the Emmerie and Jingel adsorbent had given erratic 
results for tocopherol# 
The modified Kjolhede and Kjolhede prepara­
tions of Floridin were studied as means of removal of peroxide. 
The initial experiment showed that peroxides 
were adsorbed by the Kjolhede earth when the sample vras dis­
solved in benzene and that the peroxides could be eluted from 
the adsorbent by alcohol. The tocopherol values found were 
much higher when the solutions of the samples were T\m through 
a column of this earth than when they were not treated at all. 
Modified Kjolhede earth was prepared as indicated above except 
that large batches were made, the earth was water-washed until 
chloride free, and the earth was held for several months in a 
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desiccator over a saturated solution of Ca(K02)2 l^efore ordi­
nary use. When the samples were chromatographed through 
columns of the modified earth the tocopherol values of the 
samples were lower and the peroxide values higher than when 
the original KJolhede earth was employed. 
Another experiment was conducted in which 
the fat was run through the adsorbent in purified Skelly B 
solution. After the fat solution arid subsequently five 5 ®1« 
portions of Skelly B had been passed through the column, 10 ml, 
of benzene were run through the column and then 10 ml, of 
alcohol. The Skelly B percolate and the benzene and alcohol 
eluates were collected separately and each was analyzed for 
peroxides and tocopherols. The data from this experiment are 
shown in Table 7* 
These data indicate that the peroxide is 
definitely removed by Kjolhede Floridin, in fact there are 
some negative values for peroxides, indicating that a reducing 
agent may be removed from the column in some cases. The toco­
pherol values for the fat are higher than when the modified 
KJolhede Floridin is used; the recovery of added tocopherol 
is low, however, in the Skelly percolates from Kjolhede Flori­
din, Subsequent benzene and alcohol eluations, however, account 
for this loss. If mcg,/g, is assumed as the correct value 
for the tocopherol content of the fat, the percentage of the 
-68. 
Table 7 
Recoveries of alpha-Tocopherol and Peroxide Values of Fat 
Solutions and of Eluates, When Fat Solutions 'ere Passed 






























































































1, Determined by method (p ^ -6). 
2, Milk fat in Skelly B after passage through column. 
. Benzene eluate of column. 
• Absolute alcohol eluate of column. 
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total naturally occurring tocopherol indicated after treatment 
by the modified earth vill be 73 per cent and 65 per cent re­
spectively for the t^;o samples. This recovery is about the 
same as those for added alpha-tocopherol calculated for the 
adsorbent prepared by KJolhede's method. A study of the effect 
of peroxide on the tocopherol value will be presented in 
Table 15. 
This experiment also shows results contrary 
to the initial experiment which indicated that peroxide could 
be eluted from the Kjolhede-prepared columns with alcohol. No 
peroxide was recovered from the columns prepared by Kjolhede's 
method in this experiment. It may be that the 10 ml. of 
alcohol used as final eluant was insufficient to remove all 
the peroxides present in the column. 
The effect of using Skelly B or benzene as 
fat solvents was checked. Equal weights of the same fat were 
dissolved in these solvents. The percolates v/ere analyzed for 
tocopherol content. The data are presented in Table 8. 
The higher values obtained when the fat was 
percolated through as a benzene solution agree with the pre­
vious experiment in v/hich there was considerable tocopherol in 
the benzene eluate following the Skelly percolate. 
An attempt was made to determine the nature 




The Effect of Solvent (Skelly B or Benzene) on the 
Tocopherol Values of Fats Treated with Floridin Pre­
pared According to KJolhede 
g. Fat added to 
column 
meg. Tocoph./g. fat 
Skelly percolate 
meg. Tocoph./g. fat 
benzene percolate 
52.5 62,h 
^.25 50.^ 58.8 
51.0 58.8 
^.25 50.8 57.7 
M-.25 51.0 55.^ 
1. Determined by method (p ^ 6), 
Infrared absorption spectra studies were made 
on alcohol eluates from Kjolhede Floridin columns through which 
oxidized fat had been passed. On several occasions after 
passage of the fat through the Kjolhede Floridin columns, the 
purple band at the top seemed to be somewhat graded in color 
from blue at the top to red at the bottom, a phenomena which 
suggested two constituents might be present. Development with 
large quantities of benzene did not produce two distinct bands, 
but the red portion was moved down the column somewhat. Develop­
ment of the chromatogram with 1 per cent and 2 per cent alcohol 
in benzene produced eluates high in peroxide (e.g. 8^.^ m.e.Ag» 
of eluted material) as determined by the Hills and Thiel method. 
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Henick (2^) made infrared absorption studied of these eluates. 
Absorption at 3*1 microns, which is typical of hydroperoxide 
absorption, in addition to the usual spectrum of milk fat was 
encountered. This indicates that peroxides are adsorbed by the 
KJolhede Floridin and that they are not completely destroyed. 
In one determination, it was possible to cal­
culate the results upon the basis of the original fat used; 30 
per cent of the peroxide was eluted from the column. This may 
or may not mean that the remainder of the peroxide was destroyed. 
Ultra-violet absorption spectra were run on 
theeluates from Kjolhede and modified KJolhede Floridin columns. 
An experiment was set up as follows: A benzene solution of 
oxidized fat (peroxide ^ .^2 m.e.Ag* fat) was percolated through: 
1. K;jolhede Columns 
2. Modified Kjolhede columns 
. (a) Kifolhede Columns, then (b) Modified Columns 
. (a) Modified Columns, then (b) Kjolhede Columns 
By this procedure, it was believed that the action of each ad­
sorbent might be determined. The assay of these percolates 
showed that the tocopherol values for 1, 3j and h are essentially 
the same, while the values for 2 are lower by an average of 10 
meg. per gram. The data are presented in Table 9« The peroxide 
values for all percolates were in the range of 0.0 to 0.05 
m.e.Ag. of fat excepting those in the modified column perco­
lates prior to passage over Kjolhede columns. From this it may 
be concluded that either the differences are due wholly to 
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peroxide, or to the reduction of tocopherol oxidation products 
by the Kjolhede columns and passage of both the oxidation pro­
ducts and the reduced form of these products by the modified 
columns. 
An attempt was made to determine whether the 
materials adsorbed by the KJolhede adsorbent were peroxides or 
oxidation products of tocopherol. The KJolhede and the modi­
fied KJolhede Floridin preparations through which whole fat had 
been passed C^-. b. and 3« h, described on p 71) were eluted with 
50 ml, of alcohol each, the alcohol evaporated, and the residue 
of h, b. taken up in methanol. There was no noticeable residue 
from 3* b. It was assumed, therefore, that nothing was adsorbed 
by 3. b. after 3« a. The tocopherol and peroxide assay values 
calculated on the basis of the weight of non-volatile materials 
in the eluate from b. were in the range of 10,000 mcg./g. and 
7.0 m.e./kg, respectively. The quantities of peroxide and toco­
pherol were quite uncertain because of the very small quantities 
of material available for assay. The absorption spectrum of 
this material in methanol is given in Figure 2. The for 
this material at 23I mu is 11.2. This is the region of maxima 
for conjugated diene. A very slight irregularity in the curve 
bet\^reen 265 and 27O mu may indicate a trace of conjugated dienone. 
It is believed unlikely that the concentration of tocopherol is 
actually that shown by the assay estimate since no maximum occurs 
-73" 
Table 9 
Peroxide and Tocopherol Content^ of Percolates of Fat 
Solutions in Benzene Through KJolhede and Modified 
ICjolhede ?loridin Columns and Through Combinations 
of These Columns 
meg. Per- Sec- meg. Per-
Aliquot Tocoph./ oxide ond Tocoph./ oxide 
First ^.0 g. g. fat m.e.Ag. treat- g. fat m.e.Ag. 

































Whole un- 28.2 V.J+2 
treated fat 
1. Determined by method (p ^ 6). 
Note: The values after both treatments are a little higher 
than they are by either metho^'Hefore the second treatment; but, 
this is a small difference upon which one should not place too 
much emphasis. 
in the region of 290-295 mu. The trace of dienone indicated may 
actually be tocoquinone or chroman £-quinone ("semi" quinone). 
The nature of the materials adsorbed by the 
Kjolhede and modified Kjolhede adsorbents vhen used for the 
chromatography of non-saponlfiable fractions of a deteriorated 
fat (containing m.e. of peroxide per kg. of fat) was also 
studied. Columns of both adsorbents over which non-saponifiables 
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had been passed were eluted with alcohol, the alcohol evaporated 
and the residues taken up in benzene. The benzene solutions 
were then passed over the opposite type of column from that 
over which they had originally been passed, (this double treat­
ment was necessary to eliminate carotene) the benzene was eva­
porated and the residue was taken up in the solvent used for 
study of the spectrum; unfortunately, the alcohol eluate from 
the Kjolhede column was insoluble in purified methanol so it 
was dissolved in isooctane (p 38 f*) for the study of the spec-
tinm; the spectrum of the eluate from the modified Kjolhede 
column was studied in methanol solution. 
The spectra obtained are plotted on Figure 2; 
they are markedly similar except that they show little adsorp­
tion in the low visible and high ultraviolet but at 270 mu the 
adsorption begins to increase. These curves indicate that no 
conjugated diene, or diene peroxide (lack of maximum at 230 mu) 
is removed by the adsorbent from the non-saponifiable fraction 
of this fat which substantiates the assumption that the saponi­
fication procedure removes peroxide. 
These experiments indicate that peroxide is 
destroyed during saponification, that in whole fat it passes 
through the modified columns to a variable degree, and that it 
is reduced to 0.06 m.e.Ag. or less by the K;)olhede columns. 
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The presumptive Indication on the basis of 
the trace of dienone found is that the tocopherol oxidation pro­
ducts (from whole fat) were held to some extent by the Kjolhede 
column from benzene solution and could be eluted by alcohol. 
The effect of the Floridin treatment on the 
materials adsorbed was studied; it was considered that the 
"activation state" of the adsorbent might be responsible for the 
greater retention of peroxidic materials in the case of the Kjol­
hede adsorbent. To check this, portions of a sample of modi­
fied K.^olhede Floridin vjere used after having been treated in 
the following manner: 
Table 10 
Treatment of Modified Kjolhede Floridin Designed to Produce 
Different States of Adsorbent Activity in the Removal of In­
terfering Substances 




Benzene wash (the normal modified earth) 
Alcohol, then benzene wash . 
Cone. HCl, then alcohol, then benzene wash^ 
Cone. HCl • SnClg, then alcohol, then ben­
zene wash (toe normal Kjolhede earth) 
1. The HCl percolate was very yellow in color. A test 
with thiocyanate showed a high concentration of ferric iron. 
Aliquots of a solution of milk fat in benzene were nin through 
these columns; and the percolates assayed as usual for per­
oxide and tocopherol. The data appear in Table 11. The table 
1 
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shows that percolates from 3 and V contained more tocopherol 
and less peroxide than 1 and 2. The alcohol eluates from 3 and 
V also contained more tocopherol and less peroxide. 
Another experiment was conducted with a rela­
tively good fat, in the same manner as the above to check these 
activation effects with a fat of high quality. Duplicate samples 
were run. Adsorbent treatment ^ consisted of adsorbent prepared 
by treatment ^ placed above absorbent by treatment 1 in the 
column. Tlie data in Table 12 indicate that the tocopherol con­
tent varied little regardless of treatment of this good fat, 
but the peroxide vras somevrhat higher in 1 and 2. Analysis of 
the eluates indicates very little peroxide or tocopherol in 
these fractions. 
An experiment with three different fats 
ranging in peroxide value from 0.^7 to 6.3 was carried cut to 
verify the results of the last pa^o experiments concerning the 
activity of HCl treated Floridin as compared with the Kjolhede 
Floridin. The procedures were the same as in the last two 
experiments except that only Floridin prepared by treatments 3 
and ^ was used. Table 13 shows that, for low peroxide content 
fats, the benzene percolates and alcohol eluates are essentially 
peroxide free. With deteriorated fat the percolates and eluates 
from both adsorbents are high in peroxide. Tocopherol values 
agree rather well between methods. 
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Table 11 
Tocopherol^ and Peroxide Content of Benzene Percolates of 
Oxidized Fat Passed Through Different Adsorbents and Abso­
lute Alcohol Eluates from These Adsorbents After Passage of 
the Fat Through the Columns 

































1. Determined by method (p 
2. Descriptions of treatments Table 10. 
3« Corrected for carotene by subtracting absorption due to 
color of the eluate measured against solvent according to the 
method described (p 58)• 
These runs indicate that, as far as the per­
oxide values of the eluate are concerned, the HCl treated earth 
gives the same values as the SnCl2 • HCl treated earth. In 
the case of the poorer fat (Table li) the lower values obtained 
by adsorbents 1 and 2 are probably due to not washing with the 
HCl prior to use, rather than not washing with SnClg in HCl. 
In the case of the "good" fat (Table 12) results check rather 
well regardless of treatment. It may also be of some significance 
that the values obtained on the whole, untreated yellow fat are 
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Table 12 
Tocopherol^ and Peroxide Content of Benzene Percolates of 
High Quality Fat Passed Through Different Adsorbents^ and 
Peroxide Values of Absolute Alcohol p:iuates Subsequent to 
the Passage of the Fat Through the Columns 
Adsorbent^ Benzene percolate Alcohol eluate 
treatment meg, Tocoph^/ m.e, Perox./ meg, Tocoph,/ m,e. Perox,/ 
nujaber g» fat leg, fat g. fat3 kg. fat 
1 56.2 .163 -1.1*+ 0,0V6 
5^.6 .IhS •l.lU 0,072 
2 51.2 .0969 •^.57 0,086 
51.3 .1255 •1,12 0.072 
3 55.6 .015^ •5.1^ 0,080 
56,3 ,0826 •I.M-2 0,059 
If 53.0 .Oif73 -0,28 0,0^ 
5^.6 .015^ -1.33 o.o^o 
5 .00 •0,27 0,062 
52 .V .120 •0,22 0,060 
Untreated 
fat 56.1 .06^ 6 
!• Determined by method (p ^ 6). 
2, Described in Table 10, 
3. Corrected for carotene color by subtracting absorption 
due to solution of the eluate measured against solvent accord­
ing to the method described (p 58)• 
the same when corrected for carotene, as those obtained by KJol-
hede method. 
These observations and the experiment with 
the varying peroxide values (Table 15) seem to indicate that 
peroxide, as it is found in milk fat does not necessarily in­
terfere in the tocopherol determination when the spectrophotometer 
Table 13 
Tocopherol^ and Peroxide Content of Benzene Percolates of Different Fat 
Samples Passed Through Different Adsorbents^ and Peroxide Values of Ab­
solute Alcohol Eluates from These Adsorbents 
Treatment of Adsorbent 
h (K.jolhede adsorbent) (HCl washed, mod, ads.) kq 
Alcohol Alcohol Adsorbent 
Eluate: EluatesJ 










kg, of coph./g. 







d# G « 
Perox, Ag 
of fat 
August, Iowa 0,0 
butter 3 mos 0,0 













butter 1 mo 































1, Determined by method (p M-6). 
2, Treatments described in Table 10. 
3, Blanks containing only the eluate plus NHjuSCN reagent were quite highly 
colored presumably due to ferric iron. The apparent peroxide in this blank was 
0.523 m.e.Ag. of fat. 
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readlngs are taken one minute after addition of reagent# The 
adsorption of some conjugated diene compounds, by the Kjolhede 
column and non-adsorption of these by the modified Kjolhede 
column indicates the important difference bet\-;^een these ad­
sorbents in addition to the reducing power imparted to the 
latter by SnClg treatment. It indicates that the Kjolhede 
Floridin is a more highly active adsorbent. 
The necessity for the presence of SnClg on 
the Floridin columns was claimed by Kjolhede (36) and confirmed 
by Emmerie and Engel (1^-) and by Kofler (^1) in order to pre­
vent destruction of tocopherol. Although it was found here 
that the adsorptive power of the columns were not increased by 
the use of SnClg as evidenced by the peroxide and tocopherol 
content of the percolates, it was considered better to continue 
the use of SnCl2 as a precaution against oxidative destruction 
particularly by ferric iron (which was encountered in the HCl 
and in subsequent alcohol washings of the modified Kjolhede 
adsorbent, (Tables 10 and 13)). 
An assay of alcohol eluates, from the ad­
sorbent preparation of Emmerie and Engel, by the Hills and 
Thiel method for peroxide showed that there was a considerable 
contamination of the eluates with ferric iron as evidenced by 
the formation of the ferric thiocyanate color with ammonium 
thiocyanate prior to addition of any iron. This blank 
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(footnote 3» Table 13) v:Mch contained 0,523 m.e, of FeAg. 
of fat represents a contamination of iron many times larger 
than the tocopherol content. The lower values observed (Tables 
2, 11, 13) when the modified adsorbent treatment was used might 
be attributable to oxidation of the tocopherol on the columns 
by ferric iron. 
Effect of stannous chloride on the result 
obtained when Kjolhede Floridin was employed. 
The removal of SnCl2 by the alcohol wash 
subsequent to HCl treatment was checked as follows: One column 
was washed with the specified 5 ml. of purified absolute alcohol, 
a second with two ^  ml* portions. Each column was then washed 
with five 5 ml* portions of purified benzene, the benzene 
eluates were checked with the Devlin and Mattill iron:dipyridyl 
reagent. The results presented in Table ih indicate that 10 
ml. of alcohol are necessary to completely remove the SnCl2« 
The extent of elution of stannous chloride 
from the Kjolhede Floridin by solutions of fat in benzene was 
also checked. The quantity of tocopherols in the benzene per­
colate as obtained from the column was compared with tocopherol 
quantities found when the benzene percolate was evaporated, the 
residue taken up in redistilled Skelly B, transferred to 
another flask, the Skelly evaporated and the residue taken up 
in benzene as recommended by Kjolhede (36). (Kjolhede indicated 
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Table 
Check of Completeness of Removal of Staunous Chloride from 
the Kjolhede Floridin Columns by Absolute Ethanol and 
Benzene 
No, 5 ml, benzene rinses meg. Apparent tocopherol in each 
after abs, ethanol rinse benzene rinse after alcohol rinse 












1, Determined by method (p ^ 4-6), 
stannous chloride was removed by this latter procedure,) There 
was no significant difference between these two techniques 
excepting that closer checks were obtained in the former case, 
presumably because of the fewer manipulations and transfers 
involved. Therefore it is indicated that it is not a matter 
of the benzene (or fat in benzene) eluting some of the stannous 
chloride which causes the apparently higher assay values when 
benzene is used for the percolation solvent. 
-aif-
(c) Interference of peroxides in the tocopherol 
deterraination. 
It was postulated that the effect of per­
oxides upon the tocopherol determination could be checked by 
determining tocopherol values of fat saTiples \7lth varying per­
oxide content, plotting the tocopherol value against the 
peroxide value and obtaining the true tocopherol content by 
extrapolating the curve to zero peroxide. The modified Kjol-
hede Floridin had been shovn to remove only part of the per­
oxide in a fat sample. It was considered that if columns of 
different lengths v/ere employed with aliquots of a solution of 
fat known to contain peroxides, eluates with the same tocopherol 
and varying peroxide content could be obtained. This was done 
and the tocopherol and peroxide were determined in the first 2? 
ml., and in the next 10 ml. through the column; the peroxide 
content of the fat (untreated) was likefwise determined. The 
solvent was benzene. The data are presented in Table 
By plotting mols. of tocopherol vs. mols 
of peroxide a scatter diagram vxas obtained, indicating the 
determined tocopherol value of the assay mixture is not a 
specific function of the peroxide value of the fat (within the 
range studied). 
In a study of the interaction of peroxides 
with the glacial acetic acid (Devlin and Mattill) reagent, it 
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Table 15 
Effect of Varying Peroy.ide Content on the Measured Tocopherol 
Value^ of Aliquots of the Same Fat Solution (peroxides re­
moved increment-vrise hy chromatography) 
Approx, Tocoph, meg./ Tocoph, Perox, (m.e.Ag# 
length g. of fat^ mols,/g, of fat) 
of column g. of 1st 25 Next 10 fat in ^ Next 10 
cm. Adsorbent ml. ml. 1st 25 ml. 1st 25 ml. ml. 
20 7.05 31.8 3.25 .0735 
.0704 
.1+14 .059 
17 5.65 30.1+ 1.71 .960 — m 
16 5.10 32.5 2.16 .0753 .903 .0395 
1^ 4.20 3^.8 1.03 .0806 1.08 
12 3.80 37.0 2.16 .0856 .739 
1.14 
0.00 
10 3.20 3^'.2 3.08 .0791 
8 2.70 3^.2 1.65 ,0791 1.31 .0316 
6 2.25 3^.8 2.30 .0806 1.69 
h 1.60 30,V 2.16 .0704 1.83 .0395 
2 1.00 30.8 1.78 .071^ 2.03 
Untreated 5.19 
1« Method (p if6) • 
2« Tocopherol and peroxide values calculated to the basis 
of fat added. 
was found that the percentage transmittance readings obtained had 
a tendency to increase with whole fat which contained peroxide 
(Figure 3)» Solutions of tocopherol in absolute ethanol were 
mixed with solutions of methyl oleate containing 60 m.e. of 
peroxideAg. and assayed by the Emmerie and Engel procedure to 
obtain a graphic picture of the reactions occurring among the 
three components* tocopherol, methyl oleate peroxide and fer­
rous dipyridyl. These curves follow those obtained with the 
oxidized fat (Figure 3)* 
-S6^ 
It has not been possible to demonstrate con­
clusively but it is indicated that there is no appreciable 
interaction bet^rreen tocopherol and peroxide in absolute ethanol, 
but that the action is between the ferrous iron, or ferrous 
iron-dipyridyl coBiplex, and the peroxide. If this is the case, 
removal of peroxides at any point prior to the addition of the 
iron-dipyridyl reagent should prevent their interference, 
(Daubert (8) has sho-v/n that there is no decrease in absorption 
of tocopherol at 292 ?iiu when it is treated in alcoholic solu­
tion with methyl hydroperoxido-oleate. He concluded that this 
peroxide did not destroy tocopherol.) 
The lower tvro curves in Fig\ire 3 demon­
strate the action of peroxidic materials upon the ferrous: 
dipyridyl complex. The color recedes rapidly with time after 
addition of methyl oleata, or hydrogen peroxides. The 25ero-
slope lines at 31 and ^  percentage transmittance obtained with 
tocopherol plus reagent show that the ferrous;dipyridyl color 
is stable in the absence of peroxidic materials, 
b. The effects of the oxidation products of tocopherol 
It was not possible to account for the difference between the 
Kjolhede and the modified KjoUJiede adsorbent on the basis of 
peroxide content of the fat. It was decided, therefore, to 
determine whether the two possible oxidation products of toco-
100 
^Tocopncol + me'oleote stored 
— 0 Tocopher01"t me"Oleofe not stored 
9 0  -
80 
— A Tocopt iero l  on ly  
—  O  Tocopnero l  v < i t h  me 'o lea le  odfed  
ofter reogents. 
— O  s o m e  e x c e p t i n g  h / d -  p e r o x i d e  
7 0  
60 a d d e d .  
5 0  
4 0  
/ o  
£0 
3 5  3 0  2 5  10 15 20 
M I N U T E S  A F T E R  A D D I T I O N  O F  R E A G E N T  
'i'^ure 3» Tb.e eixcct of prroxiclic n^trrialr:, added to 
so.ln.tif'r.? of toccn-I'^Tol rrior to nnd rTabrer.'uent 
to tlio o,d':"'ition of the Devlin .^nd I'r.ttil]. re-
o.^';rnt, upon the .'stability of the ferrous: 
diiiyridyl color coinplex. 
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pherol, the tocopheryl-o- and £-quinones* were responsible for 
the higher values by the former method. 
This was believed necessary because it was demonstrated 
by a storage study to be reported (paragraph 2, p 1^5 and Table 
>+1) that the tocopherol assay values on samples treated by the 
KJolhede technique did not decrease significantly with storage 
even after the fat was beyond the acceptable stage by sensory 
test, while the tocopherol assay values of samples treated with 
the modified Kjolhede adsorbent decreased about 30 per cent in 
20 days. Although peroxide has not been entirely eliminated as 
the cause for the decrease in the assay values in the latter 
method, it was indicated (Table 15) that with the method of 
assay used the tocopherol value is not a specific function of 
the peroxide content. Therefore, there must have been some 
other substance which was responsible for the higher values 
obtained by the Kjolhede method than by the modified Kjolhede 
method. Since quinoid compounds are easily reduceable it seems 
highly probably that if quinoid forms are the product of the 
autoxidation reaction they might be the interfering substances. 
Two quinoid forms have been demonstrated as oxidation products 
of tocopherol: the o-quinone and the £-quinone. The former 
Tocopheryl-o-quinone and tocopheryl-j£-quinone will be subse­
quently reflerred to as, the o-quinone and the £-quinone, or 
as the quinoid forms, " 
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have been isolated from oxidizing vegetable oil by vSwift, Mann 
and Fisher (82) and Golumbic (20), Whether or not the latter 
is produced in autoxidation is not definitely Icnown, A series 
of experiments x>rere designed to determine the effects, if any, 
V7hich these quinoid forms have upon the Emmerie and Engel method, 
especially if non-saponified fat solutions were treated according 
to KJolhede prior to assay* 
It was shown in these experiments (Table l6) that there 
vras from 0.0 to 11*0 per cent conversion of the o-quinone to re­
ducing substance which gave the Emmerie-Engel test. The per­
centage conversion calculated was based upon the quantity of 
tocopherol originally used for preparation of the quinone. The 
quantities of this derivative used were in the range 13.^ to 
13^ meg, per g. The percentage error of the determination due 
to this quinone varied from -3#3 to 11.2 per cent in one experi­
ment. 
In the case of fats which have deteriorated to the 
extent of destruction of 1/3 of the tocopherol, the value then 
found would be about ^2 mcg./g, and the per cent error of the 
determination due to this source would bei 
62.5-^2-20 meg. of oxidized form, 
20 X 6,3/100 s 1.26 meg, error in assay, 
1,26A2 X 100 s 3 per cent error. This is within 
the limits of error of the determination. 
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Another experiment indicated 5 per cent error due to 
the addition of meg# of o-quinone to a fat prior to per­
colation through the modified adsorbent. 
Table l6 
The Effect of o-quinone on the Tocopherol Value l/hen 
Kjoihede Floridin vas Employed 
Sample 
meg. of meg• 
o» Quinone Tocoph, 
"added/ found/ 






% Conversion (basis 
of o-quinone 62.5 
added meg.) 
1 13 A 60.5 i-a -3.3 
2 26,8 65.5 -3 11.0 ^.7 
3 53.5 64-. 5 -2 3.7 3.3 
h 60.9 66.0 -3.5 5.2 5.6 
5 is'+.o 69.5 -7.0 5.2 11.2 
6(Control) 0,0 62.5 a w  —  
Av. 6.3^ 
1. Method (p V6). 
Some problems were encountered in the preparation of 
the p-quinoid derivative. Reaction of tocopherol solutions 
in alcohol with ferric chloride as suggested by Karrer (31) 
did not produce residues, after removal of iron and alcohol, 
which showed no reaction with the Emmerie and Engel reagent. 
Addition of hydrogen peroxide to a solution of tocopherol in 
alcohol plus a small amount of ferrous iron and alpha,alpha'-
dipyridyl caused complete oxidation of the tocopherol as 
shown by the virtual absence of material which would then react 
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the reagent, "but the rust red color of this product sug­
gested contaraination with products other than the £-quinone. 
When this oxidized material vas added to solutions of 
fat and assayed "by the K,1olhede method and by the modified K.lol-
hede method there was an increase in assay value by the first, 
hut not by the second method over the values obtained for the 
fat to V7hich none was added. 
Table 17 
Degree of Interference of Large Amounts of n-Quinone Pre­
paration in the Tocopherol Determination when KJolhede Floridin 
was Employed^ 







due to addition 
T)-auinone 
1.0 Kjolhede • 128 65.2 
1.0 Mod, K. ^.6 -O.lf 
1.0 Kjolhede 0 62.8 
1.0 Mod. K. 0 55.0 •— 
0.0 None — 15.1 
1, Method (p if6). 
There can be no definite check on the quantity of 
tocopherol actuallj?- represented by the aliquots added because 
of the uncertainty of the yields obtained. For this reason, 
an attempt was made to oxidize some tocopherol by the eerie 
sulfate titration method of Schulek and Rozsa (72) (p 30 g.). 
There v/as assurance that all of the tocopherol in the 
solution vas oxidised by this method, V/hen assayed for toco­
pherol by the Tamerie and ^ngel nothod these samples shoved no 
reducing material. But vrtien aliquots of this solution con­
taining 2600 meg. of 2-Quinone were added to fat and run through 
the ?:jolhede columns and assayed, a conversion of 923*5 meg, 
of this quinone resulted, i.e., a conversion of 35.5 per cent. 
Another experiment was conducted in which quantities 
of £-quinone more nearly in the range one mijht expect in an 
oxidized fat were employed. The data from this experiment are 
presented below. 
If for example it were assumed that the assay value 
of the I. jolhede treated sample, to which no tocopherol quinone 
had been added, is the correct value, it is found that by 
adding only 17•8 meg,, an error of 13 per cent is obtained. 
There is no error in the modified method v;hen the £-quinoid 
form is added. 
It has been shown by these experiments that, if the 2" 
dJid £-quinoid derivatives of tocopherol are added to fats and 
the fats are assayed by the Kjolhede procedure, the o-quinoid 
form shows a slight increase in the assay value while the £-
quinoid form shows a very decided increase in the assay value. 
This latter form may be the interfering substance which causes 
the differences betvreen the various modifications of the 
Emmerie and Engel method. 
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Table l8 
Degree of Interference of Quantities of £-Quinone (that 
approximate those that might be encountered in oxidizing 
fats) in the Tocopherol Determination on a Good Fat when 










g. of minus 
fat^ control) 
$ Conver- $ Error 
sion of (basis 

































For verificationj the experiment just described was 
repeated with a fat which was somewhat oxidized at ^5° C. stor­
age, to determine whether or not the products of oxidation in 
the fat changed the results. 
Quantities of £-quinone were added to samples of milk 
fat stored in the 1+5® C, oven for three months. The tocopherol 
value of this fat when placed in the oven was 56,0 mcg./g. of 
fat. The heated fat was no longer acceptable. Table 19 des­
cribes the experiment. 
This experiment indicates that there was a very large 
error resulting from the addition of ^ -quinone to the oxidized 
fat. 
Table 19 
Degree of Interference of Quantities of ^ -Quinone (that approxi­
mate those that might "be encountered in oxidizing fats) in the 
Tocopherol Determination^ on an Oxidized Fat when KJolhede and 
Modified KJolhede Floridin is 
Employed 
meg. of meg • Difference 
% % 
Conversion Error (basis 
p-Quinone Tocoph. (sample (of £- 2M-.5 meg. tO' 
Treatment added/g. per g. minus con­ quinone coph./g. 
of fat of fat trol) added) fat 
Kjolhede 0 (control) «<>•» M M  
KJolhede 38.0 13.5 32.2 55.1 
Kjolhede 88.8 26.9 30.3 109.8 
Ave.Kjol. — 31.2 
Mod.K3ol. 0 (control) 7.6 — mm 
Mod.Kjol. 5.5 -2.1 Neg. Keg. 
Mod.Kjol. 88.8 C.2 
-3.^ Neg. Neg. 
1, Method (p ^ •6). 
If the deteriorated tocopherol in an oxidized fat is 
determined to the extent of 30 per cent by Kjjolhede Floridin 
and not at all by the modified Kjolhede Floridin, the use of 
the following equation may be in ord.er: 
VII. meg. tocoph./g. « 




The calculation for the above fat would be: 
7.6 «f 2H.5 - 7>6 g, 7,6 ^ 56.3 • 63«9 meg. tocoph./g. 
0.3 contained in orig. 
milk fat 
meg. tocoph./g. meg. tocoph./g. 




The fact that the value 63.9 mcg./g, is higher than 
the assay value of the cold storage sample may mean that some 
of the tocopherol had already oxidized before the fat was 
placed in cold storage or had oxidized during storage. On the 
other hand, if the average percentage conversion of £-quinone, 
in good and in oxidized fat, is used as the correct figure 
(average conversion" in Tables 18 and 19 equals W.8^) 
the equation that would permit an approximate determination 
of the original tocopherol would be: 
VIII. meg. tocoph./g, . 
orig, milk fat " 
meg. toeoph./g. 
mod, Kjol., time T 
meg. tocoph./g. meg. tocoph./g. 
Kjol., time T mod. Kjol., 
T time 
0.5 
an4 the calculation would be: 
7*6 • - 7»6 g ^ 3^,6 • ^-1,5+ meg, tocoph,/g, 
0,5 contained in 
orig. fat 
This calculated value appears to be too low for this fat. 
It was considered possible that the tendency for values 
obtained by the Kjolhede method to decrease to a lesser extent 
than those obtained by the modified Kjolhede method (as the 
length of time the fat vras stored increased) might possibly be 
reduced to some mathematical expression (as given above) which 
could be used to determine to what extent the tocopherol of a 
fat had been destroyed. Preliminary data, that had been ob­
tained with oxidizing fats indicated that the difference be­
tween the Wo methods was not conf^tant but increased v/ith time 
On the assijmption that the difference between the t\'/o methods 
resulted from the partial (30 per cent) conversion of the £-
quinone to the hydroquinone by the Kjolhede Floridin and not 
by the modified Kjolhede Floridin, equation VII va.s used to 
calculate the original tocopherol values of a fat in tvro stor­
age studies. These values are presented in Table 20, Column I 
These calculated values for original tocopherol content of the 
fat increase with storage time. It was considered that the 
factor 0.3 was too small, therefore equation VIII was also 
employed. The calculated original tocopherol values by this 
latter equation are relatively constant (Table 20, Column II). 
By plotting the calculated values, four curves are obtained; 
the curves for Column II having essentially zero slope beyond 
ca, 5 days (See Figure h), This characteristic allo\':s the use 
of the mean to represent all values and thus provides a rather 
good method of estimating the original tocopherol content of a 
given sample in the event that data are available such as are 
presented in Table 20. The standard error of the mean for 
Column II equals 6,11 mcg./g. fat for the first storage study 
and 5*39 for the second; the means are 61.6 and 58.7 for the 
first and second storage studies respectively. The original 
tocopherol content of this fat determined by the p::jolhede 
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Table 20 
Calculated "Original" Tocopherol Content of a Fat From 
the Observed Tocopherol Assay Values of the Stored Sample 
Days 
stored 
at ^5° C. 
meg, 
Tocouherol/e. of fat 




0 First 51.0 Jf7.0 
6 storage 59.3 58.0 
11 study 39.0 
« 56.^ ^•1.3 
1^ It 56.6 h6,7 
19 11 M-3.9 35.2 
20 II ^•9.9 35.0 
21 (1 ^9.1 37.6 
Z\ 11 ^6.2 29.2 
25 n ^6.0 33.8 
Averages 





















0 Second 53.9 
2 storage 56.5 























1. Calculated by formula VII. 
2. Calculated by formula VIII. 
method on whole fat was 56.0 mcg./g., which value lies within 
the limits of the standard errors of the means of the calculated 
original tocopherol content. It Is not possible to use the 
mean to represent the values in Column I because the line does 
not have zero slope and the standard error has no significance. 
These comparisons indicate that the first assrmption was 
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erroneous (30 per cent conversion of ^ -quinone) and that the 
discrepancy between the two methods is better explained by the 
second expression (?0 per cent conversion). It is not intended 
that these calculations be used to routinely determine the 
"original" tocopherol content of any given fat sample; it is 
indicated however that some substance which is reduced by the 
Kjolhede adsorbent is determined as tocopherol with the Devlin 
and Mattill reagent, 
c. Effect of saponification upon the auinoid forms 
This experiment, similar to that with the whole fat 
(Table l6), was conducted with saponified samples; the toco­
pherols were determined in the non-saponifiable fraction. The 
o-quinone was added to fat prior to saponification or in the 
case of whole fat (used as a control), prior to chromatography. 
The concentration of added o-quinone was 2k,2 meg, per g, of 
fat. As indicated in Table 21 saponification was conducted 
either with or without added pyrogallol. The solutions of the 
samples obtained by all treatments were divided; one part vas 
run through the Kjolhede adsorbent, the other through the 
modified Kjolhede adsorbent, Aliquots of these percolates were 
passed throiigh the second of the two adsorbents. Other aliquots 
were assayed for tocopherol together with the percolates from 
the second chromatography. The tocopherol and peroxide values 
Table 21 
Degree of Interference, Resulting from Addition of o,~Q\iinone to Fat Prior 
to Saponification, in the Tocopherol Determination by KJolhede and Modi­
fied Kjolhede Methods 
mcK • TOCOTDlltt/Stt fat m.e . Perox./ke. fat 
2h,2 meg. Thru 
o-Quinone 5 of 5% modi-
Sample added/g, Pyrogallol fied 















1 (Sapon) • • HO.9 h7,h h9.6 35.5 •WW* .022 .068 
2 (Sapon) 0 • 38.8 lf8.6 ifB.O 39.^ — .017 .000 
3 (Sapon) • 0 21.^ 32.6 18.7 17.0 .000 .00 
h (Sapon) 0 0 21.6 23.^ 12 .V 15.^ .118 .033 .02 
5 Whole fat • 0 55.h 67.2 60.6 53.6 .128 .082 .^3 
6 Whole fat 0 0 50.3 53.0 ^9.9 V8.0 .0V9 .^5 
101. 
of the percolates with and without added o-quinone are pre­
sented to show the effect of this constituent. 
Little significance may be placed upon the values ob­
tained with the non-saponifiable fractions from saponifications 
not protected v;ith pyrogallol, since there v;as so much varia­
tion between determinations (not only among these data but like­
wise with other runs). 
Peroxide values of the non-saponified fractions 
(corrected for carotene color) were low (0,00 to 0,068 m,e,Ag«). 
The peroxide value of untreated fat was appreciable (0,^5 
m.e,Ag«). The highest peroxide value of the KJolhede perco­
lates was 0,08 but those of the modified Kjolhede method were 
higher (0*118 to 0,128 m.e,/kg.). The effect of 2k,2 meg, of 
added o-quinone is apparent (1^ meg, increase) only in the case 
of the whole fat which is run through the KJolhede earth. The 
sample run through the modified followed by the Kjolhede Plori-
din shovxs about 10,7 meg, increase over the sample to which no 
o-quinone was added. The sample run through Kjolhede and then 
modified Kjolhede Floridin showed a much smaller increase (only 
5,6 meg,). The KJolhede adsorbent apparently reduces o-quinone 
to hydroquinone to some extent. Saponification appears to 
destroy the o-quinone since there was no increase in assay 
value of the non-saponlfiable fraction of the samples containing 
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o-quinone over that for the non-saponifiable fraction of the fat 
containing no added o-quinone. 
The effect of saponification upon the vas 
also studied. Five samples were assayed in duplicate simul­
taneously. To the samples which were saponified, ^i-O mcj», of 
tocopherol (oxidized to the ^ -quinone by Ce(HF,0^^)J^ titration) 
vrero added per grara. To the samples not saponified 66 meg. per 
gram were added. The data from the experiment are presented in 
Table 22. The samples were saponified \;ith 20 ml, of 3*5 N 
KOH in methanol, v-hen pyrogallol was added, ^ ml, of ^ per 
cent pyrogallol in methanol was used. The data indicate that 
there was no increase in assay value as a result of the addi­
tion of the £-quinone to the sariples which vrere saponified but 
as has been sho\'m before, there was an increase vihen solutions 
of the whole fat were percolated tlirough the > jolhede earth 
though not when they were passed through the modified earth. 
It is indicated (Tables l6 to 22) that the KJolhede 
earth apparently reduced some of the tocopherol oxidation pro­
ducts and removed or destroyed peroxide from the vrhole fat, 
the modified earth either passed these tocopherol oxidation 
productions through unchanged or retained them on the column. 
Saponification either vrith or without pyrogallol added des­
troyed the quinones and peroxides. 
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Table 22 
Effect of Saponification and of Kjolhede and Modified jolhede 
Floridin on the Degree of Interference, of Added ^ -Quinone, in 
the Tocopherol Determination 
Sample 






Tocopherol racF:,/g. of 
Kjol. Ave. Mod.Kjol, 
fat 
Ave, 
1 (Sapon) * 5^.0 52,8 
thO 
53.2 52,7 
2 (Sapon) • 52,5 
3 (Sapon) •f 0 ^9.2 
^7.9 ^8.9 
h6,6 h (Sapon) • 0 50.5 





6 (Sapon) 0 - - •WM 




36.0 8 (Sapon) 0 0 37.2 
9 VJhole fat 0 0 51.3 53.0 
51.6 
10 Whole fat 0 •66 68,2 50.3 
3* studies with a Double Column Method Emr)loving K.iolhede 's 
Floridin and Alumina for Separation of TocoDherols from 
Glycerides and Interfering Materials 
Basis of the method 
The analysis technique employed activated alumina 
placed below KJolhede Floridin in a column. The experiment 
was based upon the knowledge that the Kjolhede Floridin 
-lOif-
produced a percolate In benzene solution vrhicli gave virtually 
a zero test for peroxide (Tables 9, 11, 12, 13, 21) and a toco­
pherol recovery equivalent to 100 per cent added alpha-tocopherol 
(subsequentl?/" shovm in Table ^-2), It v/as believed that if per­
colates from a K.iolhede F'loridin colurnn \rcre riin through a 
column of alumina, activated according to Kofler (^1), the 
tocopherols could be separated from peroxides, carotene and 
vitamin A by the Floridin and from the bulk of the glyceride 
by the alumina since the tocopherol would be adsorbed by the 
alumina, vrhile the glyceride >7ould not. Peroxide values were 
run by the Hills and Thiel (26) method, 
b, Com-parison of benzene with Skelly solve B as solvents 
for the chromatographic separation of tocopherols from inter­
fering coraponents of milk fat by the combined i-jolhede Flori­
din: alumina columns 
The first experiment was conducted v/ith 2#5 g* of fat 
per column dissolved in 5 ml. of the solvent. The alumina 
used was freshly activated and was cooled in a ^2'^^ desiccator; 
it was not treated with nitrogen. The second experiment was 
conducted with 2.5 and with 5 g. of fat per column v/ith the 
concentration of fat in the solvent being the same. The so­
lutions of fat in Skelly B or benzene were poured on the columns 
and allov/ed to percolate through. The same solvent was added 
in 5 ml. portions to rinse the column until 25 ml. of percolate 
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were collected. The second solvent used—as noted in Table 23— 
v/as then added in 5 ml, portions until 25 ml, of the elute were 
collected with this solvent. (In the first experiment two or 
more portions of each solvent wore collected.) Aliquots of 
the percolates and eluates were analyzed, by tlie method used 
for the KJolhede percolates (p U-7). Air dry, non-activated 
alumina, fresWy activated air cooled alumina, and nitrogen 
cooled alumina v/ere used. These data are presented in Tables 
23 and 2k. 
The peroxide value of the untreated fat when smalyzed 
from Skellysolve solution was 0.356 m.e./kg. find from benzene 
solution was 0.^-2^ m.e.Ag* These experiments shcM that it is 
necessary to activate the adsorbent just jirior to use. There 
was no advantage of using Skelly B as a solvent for the fat 
with the air cooled alumina; no comparisons were made with the 
nitrogen cooled alumina. Higher tocopherol values v/ere obtained 
with the larger fat samples. Somev/hat lower peroxide values 
and higher tocopherol values were obtained on the eluates from 
columns which were prepared by cooling the adsorbent with ni­
trogen. It is also considered to be theoretically correct to 
saturate the hot adsorbent with some inert gas in order to pre­
vent surface reactions with oxygen. The stream of nitrogen 
used was dried by passage through a Dririte tube to prevent de­
activation of the adsorbent by water vapor. It was not possible, 
-106-
houevcr, to prevent peroxide fornation by the nitrogen trcatraent 
of the adsorbent, posr^ibly because residual oxygen vjas not re­
moved from the nitrocen. 
Table 23 
Tocopherol Values (nicg./g. of fat) of Skelly B Percolate and 
of Benzene and Absolute Alcohol : luates of Fat (lovra, August 
butter) Solutions Percolated Through the i:;jolhede Floridin: 
Alumina Columns when the Alumina vas Cooled in a P2O15 Desic­
cator after Activation 
Tocopherol values ofi fraction on basis of 
mcK*/a* of fat in sample^ 
g. Percolate Eluates 
Initial fat skelly benzene alcohol 
solvent per 1st 2nd 1st Sid 3rd M-th 1st 2nd 
column 25 25 25 2^ 25 iF" 25 1^ 
ml. ml, ml, ml. ml. ml, ml, ml. 
Skelly B 2.5 0,0 0,0 0,0 0,0 0,0 0,0 39.2 33.2 
Benzene 2.5 — — 7.33 9.18 — — 22,8 — 
1, Determined by method (p ^6), 
2, ITo assay vas made vhere a dash appears on the table, 
c. Determination of the fate of the glyceride 
The eltiates and percolates from Kjolhede Floridini 
alumina columns (p 3^*-) "^••'•ere evaporated to dryness on the steam 
bath and the weight of the non-volatile residue was deter?nined 
in order that the fate of the bul3^ of the glyceride might be 
ascertained. These results shoi-; that the ma;3or portion of the 
glyceride was in the first 25 ml. of percolate and washings 
with Skelly or benzene (Table 25). 
Table 2^ 
Tocopherol and Peroxide. Values of Skelly B, Benzene and Absolute Alcohol 
Fractions of the Chromatogram of Fat (Iowa, August butter) Solutions Perco­
lated Through Kjolhede Floridln:Alumina Columns, In which the Alumina was 
Variously Treated 
Tocopherol value of fraction on^ 









1st 25 ml. 
Benzene 
1st 25 ml. 
Alcohol 
1st 25 ml. 
m.e. Perox. 





































































benzene 5.0 ^.1 
lo Determined by method (p ^ 6). 
2, No assay was made where a dash appears in the table. 
Table 2? 
Weights of Hon-Volatile Materials Found in Chromatographic Fractions when 
Solutions of Iowa August Fat were Percolated Through Columns of Kjolhede 
Floridin:Alumina^ 



















2.5 1. 25 ml# Skelly 2.17 2.5 1. 25 ml. Skelly 2.50 
2. 25 ml. Skelly .052 
2.5 1. 25 ml. 3. 25 ml. benzene .120 Skelly 2.03 
25 ml. benzene .022 
5. 10 ml. benzene 5.0 1. 25 ml. Skelly ^.50 
D. 25 ml. alcohol .075 2 .  25 ml. Skelly 0.10 
7. 10 ml. alcohol Total M-.60 
Total 2 M 9  
Jf.25 
2,5 
5.0 1. 25 ml. Skelly 
1. 25 ml. Skelly 2.055 
O.lM-2 
2. 25 ml. Skelly 
2. 25 ml. Skelly Total 
3. 25 ml. benzene 0.208 
25 ml. alcohol 0.078 2.5 1. 25 ml. benzene 2.50 
Total 2.if»3 
5.0 1. 25 ml. benzene ^-.50 
2.5 1. 25 ml. benzene 2.20 2. 25 inl. benzene .075 
2. 5 Ell. benzene 0.10 Total 
3. 5 ml. benzene 0.01 
5 ml. alcohol 0.01 5.0 1. 25 ml. benzene h.55 




2. 25 ml. 
Total 
benzene 
1, Prepared according to method (p 3^) 
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It was sho'vm, Tabic 25) that vjhen the columns \;ere 
washed vrith benzene subsequent to the Skelly yanh, there was 
more non-volatile material in the benzene wash than in the 
prior Skclly vrash. This indicated that there vras some material 
elutable v;lth benzene not elutable v;lth vSkelly, but this material 
was not associated with tocopherol as sho\«m by the fact that 
benzene percolates from Kjolhede Floridin:activated alumina 
columns were tocopherol free. Generally less than 100 per 
cent of the fat introduced to the column was recovered because 
the K.-jolhede Floridin part of the column apparently held the 
pigment fraction and possibly some fraction of the glyceride. 
Analysis of the non-sa'ponifiable fractions of fats 
Another experiment was conducted on the non-saponifiable 
fraction from a sample of the same fat used above. The saponi­
fication was conducted in the presence of pyrogallol vrith 20 
ml. of I'J KOH in methanol per 10 g. of fat. Ten ml, aliquots 
of benzene solution of the non-saponifiable fractions equiva­
lent to If g. of fat vrere passed through the K,jolhede:alumina 
column and over the T:jolhede column alone. Fifteen ml. of 
benzene were added to develop the chromatogram, the KJolhede 
Floridin v;as removed from the double columns and the alumina 
portion vras eluted with 2^ ml. of alcohol. Preparation of the 
columns was according to the method previously described (p 3^). 
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Table 26 
Peroxide and Tocopherol Values^ of Benzene Percolates and 
Alcohol Eluates from K.^olhede Florldin and Kjolhede Flori-
diniAliimina Chromatograms of the Won-8aponifiable Fractions^ from Samples of August, lox/a, Fat 
Tocopherol (mcg./g. of fat) Peroxide (m.e./kg. of fat) 
Kjol. Kjol. Floridin: Kjol. Kjol, Floridin: 















1 ^9.1 ^.71 39.5 0.00 0,050 0.00 
2 39.1 0.00 39.5 0.053 0,00 
3 ^W.2 0,00 Wi.5 0,030 0,00 





8 g. fat 
— 
— 






1, Method (p ^6)« 
2. Method (p 50). 
The composite sample v:as run to determine irhethcr the capacity 
of the column for tocopherol was being exceeded by the h- g, 
samples being used. The results (Table 26) shov; that the toco­
pherol value was hisher on the per gram basis when 8 g., rather 
than '+ g., of fat were employed indicating that the capacity of 
the column was not exceeded by W g. This same result is shown 
Ill-
in Table 2h, The essentially zero peroxide values indicate 
that it nust have been the action of alumina on slyceride which 
produced poro-xidc since in the absence of glyceride no per­
oxide \ias found. The avera're KJolhede Floridin assay value 
was 5 mcg,/g, hif'her than the assay of the alcohol eluate 
from alunina, 
e. Analysis of whole fat 
The flowing clirornatogrojns from ],,iolhede Floridin: 
alumina coluinns were studied. Fifty g. of fat were weighed 
into a 200 ml. volumetric flask, the fat was dissolved in ben­
zene and made to 200 ml. volume. Columns were prepared in the 
usual manner (p 3^) ; 20 ml. of the solution of fat were added 
to columns followed by benzene in 5 ral. portions to a total 
voluni' of 50 nl. The top Floridin layer was removed by suction. 
Elution v;as accomplished with five 10 ml. portions of 10 per 
cent absolute ethanol in benzene. The fractions were co3-leeted 
separately and each was analyzed for tocopherol. The reagent 
proportions were 11 ml. of 1:9 ethanol:benzene eluate, 12 ml. 
of absolute ethanol and 2 ml. of Devlin and Mattill glacial 
acetic acid reagent (total volume 25 ml.). Peroxide values 
irere determined on the eluates from one column in order to de­
termine in which fractions the peroxides were to be foimd. (The 
solvent capacity of the alumina column was 8 ml.) 
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Denzenc:absolute othanol (90:10) \Jas used because it 
was believed that some alcohol-insolublc material might 
crystallize in the column, retard flo\'; and possibly prevent 
elution. The analytical data for these eluates are presented 
in Table 27. One aliquot iras anal3'"zed by the usual rjolhede 
method as a control. 
It is probable that k or more separate analyses v;ould 
not check more closely than the data of Table 27; however, 
the tendency appears to be to obtain lower values by the double 
ccluinn method than by the i';jolliedG method. The higher value 
by the latter method may result not from tocopherol, but from 
a more highly adsorbable material i/hich elutes frora the alumina 
rather slowly. This analysis of the flowing chromatograra 
(Table 27) showed that there were still materials ifhich reacted 
with the E::niierle and Engel reagent beins removed from the 
columns in the 2nd 10 ml. portion of alcohol, while the bulk 
of the tocopherol i/as removed in the 1st 10 ml. of 10 per cent 
ethanol in benzene. The possibility exists that these materials 
were tocopherols other than alpha-. 
The ma,1or portion of the tocopherol v/as in all cases 
eluted with 30 ml. of the 10 per cent ethanol in benzene and 
100 per cent ethanol in only ti'JO cases eluted more than the 
previous 10 ml. of 10 per cent ethanol in benzene. Comparison 
of these results v/ith those of the non-saponifiable fraction 
Table 27 
Tocopherol and Peroxide Content of Fractions of the Chromatograms of V/hole 
Fat from Kjolhede Ploridin:Alumina Columns^ 
Fraction (tocopherol values in mcg«/g. of fat) 
Benzene 
S simple 50 ml. 1st 10 2nd 10 3rd 10 M^th 10 5 th 10 1st 10 2nd 10 Total 





 2.5 2.67^ 3V.8 
2 0.0 3.7 0.0 0.0 37.2 
3 0,0 2^.1 2.99 1.37 3.86 32.2 
h 0.0 18.35 IV.OI 6.0 2.7 2.5 1.9 ^5.5 
5 0.0 21.1 6.0 0.3 3.8 31.2 
Av . 36.2 
KJol-





5 0.260 .0379 .0172 ~ .0206 
1. Prepared by method (p 3^). 
2. The composites of the two fractions underscored were analyzed, 
llh^ 
leads one to believe that the replicability and the absence of 
peroxide in the percolates from the non-saponifiable fraction 
•would indicate that it is better to saponify fat that is to be 
treated bj'' the double column method. 
Recoveries of added tocopherols 
(1) Analysis of whole fat plus added alpha- and 
gamma-tocopherols • Another experiment was run in the same 
manner on the same solution of fat with alpha-tocopherol added 
to one sample and gamma-tocopherol added to another. The third 
sample was run as a control. The solutions of alpha- and 
gamma-tocopherol were assayed without treatment to establish 
the concentration of the pure tocopherol. The results of this 
experiment are given in Table 28, 
It is obvious from these results that the re­
coveries of gamma-tocopherol were low by this method; this may 
result from interference by peroxides, A pure solution con­
taining 100 meg. of Merck synthetic gamma-tocopherol in 20 
ml. of benzene was run through an alumina column; 150 ml, of 
benzene: alcohol (90:10) and 50 ml, of alcohol failed to elute 
all of the tocopherol as evidenced by a strong Emmerie and 
Engel test on the eluates. These data indicated that the 
highly activated alumina used adsorbed the gamma-tocopherol, 
very strongly in the absence of fat. Columns over which pure 
solutions of alpha- or gamma-tocopherol had been run take on 
Table 28 
r V/hole F? 
Tocopherols Treated with Kjolhede Floridin:Alumina Columns Analysis for Tocopherol^ of / l at Plus Added Alpha- and Gamma-
Tocoph. value of fract. (mcg./g« fat added) Total 
g. Percolate Elaates $5 
fat Tocopherol added 50 ml. 25 ml. 10 ml. 10 ml. 10 ml. covery 
5 0 0.0 35.0 5.6 2.5 3.5 h6.6 
5 h2m2 meg, of alpha/g . 0.0 57A 9.6 ^.3 ^.9 76.2 
5 112.0 meg, of gamma/g . 0.0 73.0 6.9 3.^ ^.0 87.3 
Dlff, due to added alpha 12.^ ^.0 1.8 1.^ 29.6 70.2 
Diff. due to added gamma 38.0 1.3 0.9 o.k ifO.7 36.if 
1. Method (p 51)• 
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a yellow color vrhich was only partly elutable with alcohol. 
This yellow color was identical in appearance and behavior with 
the yellow band appearing on the columns over which fat was 
passed. Since low recoveries were obtained with these columns, 
because peroxide was formed on the column, and since pure toco­
pherol solutions turned yellow on the columns, it was indicated 
that tocoquinone was formed. It was probably the ^-quinone 
since the ortho- form is not yellow, but red. 
Devlin and Mattill reagent. For solutions containing gamma-
tocopherol it was found that the percentage transmittance 
continued to decrease with time after addition of the reagent 
up to 15 minutes. The values reported in Table 28 were calcu­
lated, however, from the one minute reading. A solution con­
taining gamma-tocopherol with no fat present gave readings, 
with the revlin and Mattill reagent, which decreased to fif­
teen minutes: 
Hoi^ever, in the presence of peroxide there v;as an opposing re­
action which apparently took place with the result that the 



















miniraum per cent transmittance value was reached at some time 
sooner than fifteen minutes; following this the values might 
increase or remain constant. The per cent transmittance values 
for a solution containing gamma-tocopherol and fat eluted from 
a column by 10 per cent ethanol in benzene reach a miniraum in 
five minutes; then increase as shown belowj 
Time after 
addition of Per cent 
reagent transmission 
1 min, 7^.0 
5 min. 61.2 
10 min. 61.6 
20 min. 62.0 
It is believed that the value most nearly repre­
senting the true concentration was the 5 minute reading in 
this case, although the 10 minute reading was little differ­
ent, Further information on the reaction rate of gamma-
tocopherol was obtained in the following experiment and is 
presented in Table 29. See also p 118, ^  it* 
g• Relative adsorption;elutlon characteristics of alpha-
and gamma-tocopherols 
Another experiment was conducted for the purpose of 
studying the relative adsorption characteristics of alpha-
and gaimna-tocopherol on the Floridin • alumina column that 
had been used. For this experiment 50 g. of a sample of the 
same fat that was used in the last experiment were weighed into 
a 200 ml, volumetric flask, and the volume made to 200 ml. 
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vith benzene, Tventy ml, aliquotc of this solution were used, 
vSolutions of alpha- and ca-sma-tocopherol were added to some 
of the aliquots prior to running them over the coluinns. The 
data from this experiment are presented in Table 29, These 
data indicate that: 
1, Both gainnia- and alpha-tocopherols v;ere adsorbed 
by the alumina used, 
2, Both tocopherols were eluted with 10 per cent 
alcohol in benzene, alpha- to the extent of about 
8^ per cent and gainraa- to the extent of about 
90 per cent (calculated on the basis of the 10 
minute reading using the alpha-tocopherol standard 
curve), 
The increase in tocopherol assay value with time 
after addition of reagent was essentially zero for 
fat alone, for fat plus alpha-tocopherol and for 
alpha-tocopherol alone, but for fat plus ganuna-
tocopherol and for garama-tocopherol alone the in­
crease in tocopherol assay value with time was 
appreciable, 
]+, This apparent increase in tocopherol content was 
30 per cent of the value calculated from the 10 
minute reading. These factors Indicate that the 
tocopherol contained in this fat was not gamraa-
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tocopherol, but a substance vlth the same ad­
sorption; eliitlon characteristics as alpha-
tocopherol. 
h. Effect of the tocophGrol oxidation T)roducts 
The results of the last experiment, in which the 
chromatography of sanma-- and alpha-tocopherol was studied, 
definitely indicated that it would be possible to show the 
presence or absence of gamma-tocopherol, but possible inter­
ference of quinone was suggested. Therefore a series of solu­
tions containing the o- and ^ -quinones (i, 291, alpha-tocopherol 
and gamraa-tocopherol were run through the K jolhede • Floridin; 
alumina columns, and the flowing chromatograms analyzed. 
Table 30 presents the results calculated from the alpha-
tocopherol standard regression equation (p « 
This experiment was designed to find out whether the 
chromatograms of solutions of the quinones from the Kjolhede 
Flor id in t alumina system i;ere the same as that of the alpha-
or of the gamma-tocopherol used in the last experiment. It 
was found in this experiment that about 5 per cent of the 
£-quinone reacted as tocopherol after passage over both Kjol-
hede Floridin and alumina. Untreated £-quinone was active 
to the extent of 1.5 per cent as tocopherol; untreated o-
quinone was not active as tocopherol. There was no apparent 
tocopherol in the percolate from alpha- or gamma-tocopherol 
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TabU 29 
A Study of th« Adsorption iHlution Chairaotarittios of 
Bonsone Solution and Elutod vlth Alooholi with 
Toeopherol assay values (aeg • per graa) of tiie fraoti* 
Fraotion 30 al. 1st 10 al. 10^ 2nd 10 al . 10!^  5rd 10 al. m 10 
Bens. ] pere. Alo.^ eluate Ale. eluate Ale. eluate Al4 
Saapla 1 Bin 10 ain 1 ain 3 ain 16 ain 1 Bin 3 Kin 10 ain 1 ain 3 Bin 10 ain 1 Bin 
5 g. Pat 0.0 0.0 15»1» 15.7 13.3 13.3 mm 3.7 3.7 4» 7.1 
5 g. P*t 0.0 0.0 19.1 19.7 11.3 11.3 - 2.8 3.2 - 5.7 
5 g* Pitt - • 18.6 19.7 9.7 9.7 m 3.1 3.1 m 4.9 
5 g. Fat 




26.0 n n 0.0 0.0 27.5 28.0 25.9 m 3.7 3.7 - 8.5 
n If 
-
m i^.U iiSJli 15.0 15.2 - 3.7 3.7 - 8.9 
3 g* Fat 




U3.7 5U.5 lU.8 2lJ^ a • 0.0 0.0 62.1 22.£ 7.0 9.1 9.7 1.9 
u m 
- - 33.6 U7.1 51.0 17.9 26.6 27 h.9 m 9.7 2.0 
Ho fiat 








1. Ale. 8 abaoluia oihanol lOf. by TOIU— in b«n««n». 
2, Caleulated tram the al]^«tooopherol regrefaion equation p. iiU analyiia by the aet 
Caloulated frov- the alpha^tooopherol regreaaion equation using 10 nin. ^  T. readin 
50TB « In the ea«ea where the 3 ainute reading was not aignifioantly different fron t 




aetoriitios of alpha- and s<i<"Mi~Toooph«rola P«roolat»d la 
41eohol| with th* K^olh*d« Florid la tAlualxia Colw 
of tho fraetloaa^ Per oont 
1. 10^  10 Bl. 10 Bl. 100^  For ooat of 
laato Alo. oloato Alo. oluato Total* Dlfforonoo roooT. total 
10 Bin 1 Bin ^ Bin 16 Bin 1 Bin ^ aln 1 Bin 10 Bin 10 B1b-1 BIB of addod olatod 
totals tOOOfha w/l<»t 
alo. 
?•! 7.1 - 5.0 9.9 Ul.7 -0.8 - 76.0 
5.7 5.7 "• 3.0 2.0 41.9 U.9 -0.0 - 79.2 
lt.9 U.9 - 3.7 3.0 1|0.2 UoJi -0.2 - 78.6 
9.1 ?.l - 3.2 - 73.6 7l*.l -0.5 77.4 83.3 
8.5 0.5 - 3.0 2„5 68.6 68.7 -0.1 65.3 83.2 
8.9 9.9 - 3.3 - 79.3 79-5 -0.2 91.5 aU.6 
li.9 6.3 9.7 9.7 3.7 3.0 67.0 9U.9 ^7.9 95.8^ 86.6 
9.7 1.9 -2.5 2.5 5.2 5.9 72.6 100J» +27.8 105.6^ 93.7 
9.7 2.0 - 1.9 3.7 3.0 62.1 93.0 +30.9 92.4 9U.7 
6.3 1.9 - 1.9 3.1 2.7 29.0 64.3 +35.3 115.0^ 92.8 
1.1 - 1.1 1.9 1.1 44.1 43.6 -0.5 103.4 93.2 
^•la by tho aaethod p. 51. 
A. ^  7. roadlnc p. ii4. 




solntions or frora an o-quinone solution. The alcohol eluate 
of £-quinone from alumina contained about 2 per cent of sub­
stances that reacted as tocopherol calculated on the basis of 
UOO meg. of added £-quinonc, "but an alcohol eluate of o-quinone 
did not contain tocopherol. The alpha- and gamma-tocopherols 
were eluted to the extent of 32 per cent and 100.5 per cent 
(gamma-tocopherol calculated from 10 minute reading). This 
assay shoved about 1.5 per cent of the ^ -qulnone was active 
as tocopherol. 
VJe may conclude from this experiment that the differ­
ences in the characteristics of the reactions of alpha- and 
gsjnma-tocopherols are not due to the contamination of one or 
the other v^ith quinone derivatives, because neither o- nor £-
quinone reacted to an appreciable extent with the tocopherol 
reagent. 
h. Study of the mild hydrogenation technique for removal of 
interfering materials 
The Quaife and Biehler (6l) method employs mild hydrogena­
tion to decolorize the plant pigments and possibly inactivates 
other interfering substances, Quaife (59) modified the Quaife 
and Biehler method by using cyclohexanerethanol as the hydro­
genation solvent. This latter modification (p 'h-S) was studied 
as a possible means of assay. The assay values obtained, com­
pared with values by other methods, the recoveiyof added 
Table 30 
Analysis of o- and ^-Quinones and Tocopherols Treated with the KJolhede 
Florldln:AlTimlna Coltunns in the Same Manner as Fat Solutions are Treated 
_ % Recovered as 
Tocopherol content in micrograms tocopherol 
10 ml. 
25 ml, Benz. 25% ml. 10^ 505S Ale. Benz. 10^ Ale, 
percolate Ale. eluate^ eluate^ percolate eluate 
Sample "T^ ^ 15 1 5 15 "I T 1 10 ~1 15 
min min min min min mln min mln min min min mln 
^0 meg, 
of £-Quin, 
13.9 19.0 19.0 5.3^ 8,35 8,90 7.05 7.05 3.5 k.8 1.3 2.2 
M)0 meg. 
of ^ -Quin, 








0,00 0,0 0,0 173.3 175.0 13.70 13.70 0.0 0.0 82.1 83.0 
Untreated benz. solution 
^00 meg, 
£-Quin. 
2,kO ^.79 6.22 0,6 1.5 
2. IC^ ale. • 10^ solution of absolute ethanol by volume in benzene. 







alpha-tocopherol, the interference of vitamin A and carotene, 
and the effect of the oxidation products of tocopherol were 
all determined. Iodine values (by theWij's method) of samples 
of hydrogenated milk fat were found to be zero. 
a. Comparison of the Quaife and Harris and the Devlin and 
Mattill Color development reagents 
The reagents (Quaife and Harris (63)) used in the 
Quaife and Biehler (6I) procedure for color development in the 
hydrogenated solutions are different from the reagent used 
throughout the rest of this study. The Quaife and Harris re­
agents consist of an absolute alcohol solution of ferric 
chloride and an absolute alcohol solution of alpha,alpha•-
dipyridyl. The Devlin and Mattill (9) reagent contains both 
of these constituents in acetic acid solutions. Calculation 
of the concentrations of ferric chloride and alpha,alpha•-
dipyridyl which are present in the assay solution read in 
the spectrophotometer shows that the concentration of ferric 
chloride is 0,0? per cent in the Quaife and Biehler assay as 
compared with 0.0^ per cent in the Devlin and Mattill assay. 
The color is developed in the Quaife modification (59)  ^
8 ml. aliquot of a solution of the hydrogenated fat in 1:1 
cyclohexaneJethanol solution to which are added 1 ml. of 
each of the two alcohol solutions of the reagents. In the 
Devlin and Mattill method, color development is in a 10:13:2 
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Table 31 
Comparison of Tocopherol Assay Values by the Quaife and Biehler 
and the Devlin and Mattill Reagents on Variously 
Treated Fat Samples 
Tocoph. found ^ Recov . of 
(mce./ff. of fat) added tocoph. 
Tocoph, Quaife Devlin Quaife Devlin 
Description of added and and and and 
solution mcg./g. Biehler Mattill Biehler Mattill 
assayed of fat reagent reagent reagent reagent 
Hydrogenated fat V9.il- V7.7 
solution 7h,2 52.7 
56.0 56.1 
63,0 61.7 
Hydrogenated fat 73 .V 68.8 
solution 69.7 68.8 
69.7 
Hon-saponifiables^ 16.2^ 57. V 61,6 113 117 
not decolorized 32A8 78.2 80.5 121 llV 
^8.7^ 93.8 101.1 112 120 
6h.9Q 107.8 111.1 106 106 
N on-saponifiables 32 M 90.3 91.2 llV 
through Kjolhede 1+8,7lf 109.1 105.7 Ilk 106 
Floridin 61f,98 ^234 127.7 107 106 
C.O 5V.6 5V.0 —- ... 
0,0 52.5 5V.0 ... 
Whole fat through 20.31 7V.V 81.8 97.5 10k 
Kjolhede Floridin 60.93 121.0 12V, 3 109 lOV 
81.23 lMf.2 1V5.8 110 105 
0.00 ^,6 60.8 
Whole fat untreated-'- 0.00 C6.5 '^7.3 
Tocopherol !io±u- 162.5 179.6 110.6 
tions only 162.5 179.6 110.6 
162.5 175.6 108.1 
162.5 109.9 
Ave.lv^.5 Ave .169.8 
81.23 97.3 119.6 
81.23 90,k 111.2 





1. Corrected for blank color by the method of Quaife, 
Scrimshaw and Lowry (66), 
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benzene;ethanol; acetic acid solution. These tv;o color develop­
ment reagents v^ere compared to determine v;hether or not differ­
ences, that might exist bet'.-.'een the two methods, vrere the result 
of the type of solvent mixture employed in preparing the color 
development reagents. Table 31 presents a comparison of the 
re?iults obtained with the t\'7o reagents. I'hole fat, whole fat 
percolated through Kjolhede adsorbent, non-saponifiable frac­
tions, non-saponifiable fractions percolated through Kjolhede 
adsorbent, and hydrogenated fat solutions \7cre employed. These 
experiments show that there was good agreement between the 
assay values of a given solution containing tocopherol by the 
tx/o reagents used. Generally, results by Quaife and Biehler 
reagent were somewhat more erratic and possibly slightly higher 
on the average, but not significantly so. The differences 
found between the Quaife and Biehler method and the modified 
Kjolhede method do not result from the type of reagent, 
b. Recovery of alpha-Tocopherol by the Method 
Table 32 illustrates the results of some recovery 
experiments with the Quaife and Biehler procedure. Aliquots 
of a solution of alpha-tocopherol in cyclohexane-ethanol were 
added to solutions of fat in the same solvent prior to hydro-
genation. The recoveries of alpha-tocopherol added to milk 
fat were erratic with this method. The recoveries of alpha-
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tocopherol from solutions containing no fat were good, however. 
c. ComTjarlson of the Ouaife and Biehler and the Modified 
K.iolhede Methods 
Since the recoveries of added tocopherol were some­
what erratic in the presence of fat and the tocopherol values 
for the fat itself were high compared to the values usually 
obtained by the modified I'jolhede method, these methods were 
compared on a sample of whole fat and the non-saponifiable 
fractions of this fat. 'hen the non-saponifiable fraction was 
used, an aliquot of the benzene solution was evaporated; the 
non-volatile residue was dissolved in cyclohexane:ethanol and 
was hydrogenated as usual. This study (Table 33) showed that 
the hydrogenation technique always yielded higher values for 
whole fat, regardless of the age or source of the samples 
used, but that with the non-saponifiable fraction the two 
methods give essentially the same value. The fact that assay 
of the non-saponifiables by the two methods gave essentially 
the same results, indicates that there is some constituent in 
milk fat whic^ is removed by saponification but which reacts 
as tocopherol when hydrogenated. The quinones were studied 
as regards the effect of hydrogenation upon their reaction as 
tocopherol with the Quaife and Biehler reagents (p 132, 
sec, e). 
Table 32 
Recovery of alpha-Tocopherol Added to Fats Prior to Hydrogenation and Assay 
by the Quaife and Biehler Method 
Tocopherol value 




Tocopherol with added % Re­ Description 
m.e. Perox./ 
kg. of orig. 


































































Tocopherol Values of Whole Fat and of Non-Saponiflable 
Fractions of this Fat by Quaife and Biehler and the Modi­
fied Kjolhede Method 
Descriiption of fat 











room temperature 3 
weeks. Household 
refrigerator 8 












II August, Iowa fat 73.^ 25.7 
1 week old in 73.1 15.^ 
household refrigera­ 91.9 28.1 
tor (whole fat) 95.7 17.7 
^1.3 18.3 
108.8 2J+.5 
III June, lov-ia fat 3 
years old stored 
under Hp at -10 










IV Composite sample 
from 3 cows produc­
tion date 7-29-^8 












Va Same sample 3 mons. 






Via Oct. Iowa fat 1 week 







Table 33 (cont'd) 
Tocopherol values 
(mcK./K. of fat) 
NOo 
Description of fat 









Assay of non-saponifiables 

















1, Run through modified Kj'olhede earth prior to hydrogena-
tion. 
d. The '.ffectiveness of the Method for the Removal 
Interference "by Vitamin A and Carotene 
The t^uaife and Biehler method was designed primarily 
to remove vitamin A, carotenoids and other plant pigments. 
These experiments were designed to determine if these pigments, 
when present in the concentrations normally found in milk fat, 
would be removed by hydrogenation. This was considered neces­
sary since difficulties were encountered in obtaining com­
pletely decolorized solutions of fat by hydrogenation. The re­
sults of this study are presented in Table 3^. The carotene 
sample used was G.B.I, pure crystalline 90 per cent beta- and 
10 per cent alpha-carotene stored one year at -10 to -15® F. 
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The natural vitamin A ester used vas a distilled 
natural vitamin A ester (DPI Rochester, N. Y.) containing 
per cent vitamin A. The ester used was pure crystalline 
vitamin A acetate (D.P.I.); pure crystalline vitamin A alcohol 
was obtained from G.B.I. 
These experiments show that vitamin A ester or alcohol 
do not interfere in concentrations as high as 20 times that 
expected in a natural railk fat (20 x 1+.5 to 10.6), even when 
not hydrogenated. Carotene in concentrations up to that ex­
pected in natural milk (1.? to 10.7 mcg,/g.) interferes to the 
extent of approximately 1 meg. increase in apparent tocopherol 
per meg. of carotene. The actual interference of these sub­
stances is small when the 15 second reading is used to calcu­
late the assay value. (Carotene may be corrected for according 
to Quaife, Scrimshaw and Lowry (66), Table 31)* It is be­
lieved that hydrogenation, for the purpose of removal of these 
pigments, is not necessary. However, x^hen a time interval 
longer than 15 seconds was used between addition of the ferric 
iron solution and reading the percentage transmittance a con­
siderable error was introduced by both vitamin A and carotene. 
It is believed that hydrogenation was effective as a means of 
preventing this error, since the decrease in per cent trans­
mittance with time (after addition of ferric iron) of hydro­
genated solutions was generally the same as the blarJc. It has 
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Table 3^ 
Effect of Hydrogenation on the Degree of Interference of Carotene 
and Vitamin A 'i^en Hydrogenated Solutions are Assayed for 
Tocopherol 
Apparent Tocoph, $ Recovery of 
meg. of from standard tocopherol 
Toco­
pherol^ 
meg. of meg. of curve (mce.) added 
vit. A Carotene J tJn- Un­
added added asj added Hydro. treated Hydro. treated 
Acetate^ 
0.0 0.0 1.09 0.0 0.0 ... — 
0.0 0.0 5.^5 0.0 0.0 «NW 
0.0 0,0 8.72 0.0 10.1 
0.0 122.0 0.0 P>I«» 0.0 MM 
83.5 0.0 0.0 82.0 56.5 99.^ 68.9 
83.5 0.0 0.0 95.0 __ 115.0 
33.5 2M+.0 0.0 89.0 51.0 107.8 62.3 
83.5 2M+,0 0.0 9^.0 113.8 
83.5 0.0 218.0 90.0 232.0 109.0 270.0 
83.5 0.0 218.0 86.0 10^.2 
83.5 2Mf,0 218.0 92.0 232.0 111. If 270.0 
83.5 2¥»-.0 . 218.0 95.0 115.0 — 
Alcohol^ 
0.0 5^7 0.0 h.O 
0.0 5^7 0.0 1.0 
93.0 0.0 0.0 85.0 91.5 




93.0 0.0 91.0 98.0 
0.0 lkh9 0.0 2.0 




0.0 21V- 97.7 
0.0 1.97 0.0 0,0 0.0 
0.0 3.9^ 0.0 0.0 0.0 
0.0 5.91 0.0 0.0 0.0 
1. D»P,X.j, pure natural d,alpha-tocopherol. 
2, D.P.I., pure crystalline vitamin A acetate. 
3« G.B.I., pure crystalline 90 per cent beta- and 10 per 
cent alpha-carotene. 
G.B.I., pure crystalline vitamin A Alcohol. 
D.P.I., distilled natural ester containing per cent 
vitamin A. 
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been found that incomplete decolorization of fat samples was 
sometimes the result of incomplete desiccation of tho catalyst. 
e. The Effect of Hydrosenation upon the Oxidation Pro­
ducts of Tocoioherol vas considered of interest sincc it \ras 
thought probable that the tocopherol quinones would be present 
in the oxidi?:ed fats and that, if they were reduced by hydro-
r:enation, thsy mi^ht interfere, 
0- and 2-Q^inones were prepared (p 29-30) and their 
effect studied when hydrogenated alone and vhen added to 
solutions of fat, prior to hydrogenation. The percentage 
increase in tocopherol value (mcg./g, of fat) resulting from 
the addition of the quinoid forms was calculated in the 
follmring manner: 
IX. % increase resulting ^ 
from added quinone 
- W of fat alone 
added quinone ^ 
TV of fat alone 
1. TV is the mcg» of tocopherol/g« of fat as deter­
mined by the assay. 
Table 35 contains these data. The ^-quinone was reduced to a 
considerable extent and caused 103,8 per cent increase in the 
tocopherol value while the o-quinone was apparently not reduced 
in this experiment. 
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The effect of hydrogenation time and length of standing 
jsub.^equont to hydroc^nation v:as also studied vath solutions of 
o-quinone. Table 36 illustrates the erratic results obtained. 
Table 36 show?i that the highest recovery of the 
quinone as tocopherol was obtained vith seven minutes hydro­
genation and vrith the five minute standing after hydrogenation; 
hydrogenation longer than seven minutes apparently had no 
additional effect. The length of standing rfter hydrogena­
tion does not correlate with the recovery values. The erratic 
results obtained illustrate one of the possible reasons for 
erratic results with the Quaife and Biehler method, (assuming 
the presence of o-quinone in oxidised fat). There was appar­
ently some variable among the experimental conditions other 
than hydrogenation time and time of standing subsequent to 
hydrogenation vrhich caused these erratic results. 
The effect of tine of standing after hydrogenation 
upon the ^-quinone was also studied; the same type of experi­
ment was employed. Ten minute hydrogenation \^as employed. 
The effect of hydrogenation upon the £-quinone is 
clear cut and definite and the length of standing after hydro­
genation is inversely related to the recovery. 
These experiments indicate that the ouaife and Biehler 
method for the assay of tocopherols in oxidizing fat is not 
of value for the study of oxidizing milk fat since recoveries 
-13^-
Table 35 
Tocopherol Assay Values^ (racg./g. of fat) of Hydrogenated 
Solutions of the Quinones (3 minute hydrogenation in the 
Quaife and Biehler apparatus) 
Tocopherol assay value (mcg./g. of fat) $ Increase in 
' • . - tocoph, due to 
£.-Quin.^ jo-Quin.-^ Fat • Fat • added qulnone 
only "" only Fat 120 meg. 109 meg. o-
(120 meg.) (109 meg.) only £~quln. o-quin. Quinone Quinone 
7^.1 7.16 59.V 127.5 50.1 103.8 -3.0 
56.9 109.5 62.5 
1. Quaife and Biehler method (p ^+8). 
2. Prepared by method (p 32). 
3. Prepared by method (p 32). 
Table 36 
Tocopherol Assay Values^ of Hydrogenated Solutions 
of o-Quinone 
meg. of Hydrog. standing meg. $ Recovery 
o-Quinone time time after I'ound as of added 
added (min.) hydrog. (min.) tocopherol^ 0-quinone 
120.0 3 10 17.1 1^.2 
120.0 5 10 15.1 12.6 
120.0 10 10 38.0 31.7 
120.0 0 - - Neg. Neg. 
120.0 0 tmtm 8.1 6.7 
33.3 0 — 0.0 0.0 
33.3 0 0.0 0.0 
33.3 0 — 0.0 0.0 
333.3 10 50 150.0 
333.3 10 5 159.9 V8,0 
333.3 10 15 56.3 16.9 
333.3 10 17 78.6 23.6 
333.3 7 5 232.0 69.7 
333.3 5 5 9.2if 2.77 
1. Quaife and Biehler method (p U-8), 
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Table 37 
Assay^ of Ilydrogenated Solutions of j)-Ciuinones 
.standing meg. 
Recovery meg. of time Fomd 
£-quinone after hyd. as tocoph. of added jD-q,uinone 
333 5 157.5 !+7.3 
333 10 13^. ^  hO,7 
333 15 161.3 
333 60 68.9 20.7 
333 120 ^.5 13.^ 
1. Qualfe and Bichler method (p U-B), 
of added alpha-tocophcrol were erratic and the o- and £-quinoid 
derivatives of tocopherol interfere to a variable degree. The 
reinoval of vitamin A is unnecessary when present in concentra­
tions normally found in milk fat. If a correction for carotene 
color is made (Tables 31), and the percentage transmittance 
readings are made 15 seconds after the addition of the reagent, 
there is no apparent interference of carotene. 
Recent publications by the proi-cn'.3nts of the hydrogena-
tion method (Harris, ^uaife and .'^•/anson (31) > Quaife and Dju 
(70) and Quaife and Harris (71)) state that at least six steps 
are necessary for assay of tocopherols in foods: 1. vacuum 
dehydration from the frozen state; 2. grinding and homogeniza-
tion; 3* extraction with solvent; h, molecular distillation; 
5. hydrogenation of the molecular distillate; and 6. colori-
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metric assay of tocopherols. Bird (3) found that low tempera­
ture crystallization of the hydrogenated glyceride from 
cyclohcxane;ethanol solvent aided in the removal of catalyst 
and in prevention of fat precipitation during the assay. These 
additional refinements were not studied. 
5* ntudy of the Effect of ganmia-Tocopherol on the K.iolhede 
and the K .1 olhede tAlumina Methods 
It has been reported by Hove and Hove (28) that the tendency 
for the per cent transnittance of the Einmerie and Engel assay 
solutions to decrease v;ith time is a characteristic of ganraa-
tocopherol. It was reported by Stern and Baxter (80), that 
mixtures containing alpha-, beta-, gamma- and delta-tocopherol 
may not be assayed with the glacial acetic acid reagent of 
Devlin and Mattill because the intensity of color produced by 
individual tocopherols was not a linear fimction of concentra­
tion. (They studied a system of fat in Pkellysolve plus reagent 
in glacial acetic acid.) They also reported that gamma-toco-
pherol v;as not completely oxidized in Uo minutes and delta-
tocopherol required a still longer period, ''ith these 
observations as a background it was decided to use the Kjolhede 
and the Kjolhede:alumina procedures (p ^6 and p 51) for the 
analysis of solutions containing alpha- and gamma-tocopherols 
and solutions of fats \fith added tocopherols. Unfortunately 
it was not possible to procure a sample of pure delta-tocopherol. 
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The methods vrere modified only in that spectrophotometer read­
ings were talcen one minute and five minutes after the addition 
of the Devlin and Mattill reagent and the tocopherol values 
v/ere calculated for hoth readings. It was believed that this 
technique might make it possible to determine, v;ith a moderate 
degree of certainty, whether or not the sample analyzed con­
tained gamma- (or delta-) tocopherol. As a preliminary to 
the recovery experiments reaction rates and assay values of 
the tocopherols with the glacial acetic acid reagent were 
necessary. 
An experiment vras conducted in the manner described 
for the preparation of stan.dard regression equations using 
solutions of pure synthetic alpha-tocopherol (Merck) and pure 
natural gamma-tocopherol (DPI). Dilutions were made from 
^/eighed amounts of the pure compounds such that solutions which 
contained about ^0 meg. per ml. were obtained (p 27). Aliquots 
of these solutions were assayed in the manner described below. 
In order to check the reaction rates of these tocopherols and 
the assay values of the above solutions as determined with the 
alpha-tocopherol standard curve, the Devlin and Mattill reagent 
was used in the assay procedures described (p ^6 and p 51) and 
the per cent transmittance was read at 1 minute and 5 minute 




Assay of Pure alpha- and gamma-Toeopherol Solutions i;ith the 
Devlin and Mattill Reagent Using 1 Minute and 5 I'imite Re­
action Times 
ml, of meg. of 
Solu- Tocopherol 
tion per ml. 
Used added 
racg. of Tocopherol per ml. 
found from alpha-tocopherol 
standard curve 
Assay value as 
$ of tocopherol 
actually added 





















































































The data of Table 33 indicate a recovery of IO7.I 
per cent for alpha-tocopherol. The standard curves employed 
v/ere prepared vrith alpha-tocopherol obtained from Distilla­
tion Products, Inc., Rochester, 'Mew york. The solutions above 
were prepared from a sample obtained from Merck and Co., Rahway, 
New Jersey. For the assays of fats it is asnumed that the 
standard reference curve presents an accurate value. In the 
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recovery experlmentn vith fat samples to be presented subse-
quentlj'-, the tocopherol solutions were assayed and the meg, 
of added tocopherol were based on these assays, i.e., it was 
considered that the solntions contained I.07I times the 
quantity of alpha-tocopherol actually weighed. 
gainma-Tocopherol was recovered to the extent of 126.8 
per cent. At the one minute reaction intervaj all of the 
alpha-tocopherol that vrould react, had reacted (Table 3S)> 
while but 29,5 cent of the gamna-tocopherol had reacted. 
At the 5 minute interval, however, the apparent tocopherol 
content was 126,8 per cent of that added. If it is assumed 
that 100 per cent of the garaina-tocopherol reacted at the 5 
minute interval, 70.5 cent of the total added garrmia-
tocopherol reacted bei:\'reen the 1 and the 5 minute readings. 
On this basis, the actual weight of alpha-, gamma- and total-
tocopherols can be estimated by the following formulae: 
X. meg, gamma-t^, calc, s 
XII, racg. total-t, s meg, alpha-t,, calc, • meg, gamma-t,, 
meg, t., 5 min, - meg, t,, 1 min. ^ 100 
0,705 126,8 
XI• racg, alpha-t., calc, s 
meg, t,, 1 min, - 0*^9^ 
0,705 
calc. 
1. t - tocopherol 
-1^-
Although there Is no assurance that alpha- and gamma-
tocopherols are the only tocopherols present In milk fat, it 
is considered that if they were, equations X and XI afford a 
means of estimating the relative amounts of the tv:o in milk 
fat samples. 
Recoveries of added alpha- and gamma-tocopherols from 
^ milk fat samples obtained from commercial butters were calcu­
lated. The solutions, the assays for which were presented in 
Table 38 were employed as tocopherol sources. The apparent 
concentrations resulting from the assays of the solutions were 
employed as actual concentrations. 
VJhen the samples were saponified the aliquot of the 
tocopherol solution (in alcohol) v;as placed in the saponifica­
tion flask, the fat was v/eighed into the flask, the pyrogallol 
was added and the three were mixed as well as possible. This 
mixture was then saponified. When the samples viere not saponi­
fied the tocopherol solution and the fat were placed in the 
graduated mixing cylinders directly. 
The data are presented in Tables 39a and 39b, and are 
summarized in Table 39• The total- and gamma-tocopherol con­
tent of the samples calculated by formulae X to XII are pre­
sented in Tables 39c and 39d. 
The recoveries of both tocopherols by the KJolhede 
method were excellent from whole fat but were somewhat lower 
on the average and quite erratic from saponified fat (Tables 
39 a, b and c)« Recoveries of alpha-tocopherol \;Gre low by 
the iljolhede • alumina method; wiile recoveries of .ga^nma-
tocopherol v/ore 30,6 and per cent for whole fat and non-
saponifiables respectively. The recoveries calculated from 
values obtained for formula X are given in the summary table 
for comparison. Table 39c indicates that, although from 80 
to 93 per cent of added ganmia-tocopherol is assayed by the 
Kjolhede method, there is only a very small amount of gamioa-
tocopherol found in the samples of vrhole fat. Calculations 
from the assay values of the non-saponifiable fractions Table 
39d give similar results. Correspondingly lov;er values are 
calculated for the Kjolhede • alumina method. The calculated 
gamma-tocopherol contents of 15 different fats vrill be pre­
sented in Table M+, 
By comparison of the percentage recoveries of added 
gamma-tocopherol shovm in Tables 39a and 39b v^ith those shown 
in 39c and 39d it may be seen that the apparent recoveries of 
gamma-tocopherol are higher in the former set of tables. This 
apparent discrepancy is a result of the comparatively greater 
"recovery" of pure gamma-tocopherol when the alpha-tocopherol 
standard curve is used for conversion of transmittance readings 
to tocopherol values. It is considered that the gaiimia-tocopherol 
values and their corresponding percentage recoveries shown in 
-Ih2-
Tatle 39 
Summary of Results of Becovery Studies 
Average percentage 
recovery of added; 
Whole fat or alpha- gamma-




































pherol 62.1 meg./ 
g. of fat) (added 
famma-toe opherol mcg./g. of fat 
Method of assay 
KJolhede method Kjolhede; alumina method 
meg, Tocoph./ 
g. fat found 
1 min 5 mln 
% meg, Tocoph./ 
g. fat foimd 
1 min ^ min 1 min 5 min 
Recovery' Recovery-^ 
1 min 5 min 
Washington fat, only 
Fat only 
Fat * alpha-tocoph. 
Fat • alpha-tocoph. 
Fat • gamma-tocoph. 





































































. » gamma-tocoph. 
Indiana ^at< only 
Fat only 
Fat • alpha-tocoph. 
Fat • alpha-tocoph. 
Fat • gamma-tocoph. 
Fat • gamma-tocoph. 

















































Fat • alpha-tocoph. 
Fat • alpha-tocoph. 











• • ^ - 48.6 
























Recovery of alpha- and gainma-Tocopherols Added to Fats V/hich were then Saponified 




pherol 62.1 meg./ 
g. of fat) (added 
gamma-tocopherol 
mcg./g. of fat 





min ^ mln 
K.1 olhed fi ^ a1 iiTtii na method 
meg. Tocoph./ ^ 
Recovery 
1 min 5 min 
g. fat found 
1 min 5 min 
Recovery 
1 min 5 min 
Washington fat, only 21.5 
Fat only 2h,6 
Fat • alpha-tocoph, 6^.7 
Fat • alpha-tocoph, 83.1 
Fat • gamma-tocoph, U5,6 
Fat • fyarnma^tocoph. 31.2 
































































Fat • alpha-tocoph. 
Fat • alpha-tocoph. 
Fat • gamma-tocoph. 
Fat •» gamma-tocoph. 
Indiana fat, only 
Fat only 
Fat • alpha-tocoph. 
Fat • alpha-tocoph. 
Fat • gamma-tocoph. 





























































68.8 77.3 66,7 
76.3 81.3 78.8 
80.2 50.3 82.1 
80.2 50.3 82.1 



























Calculated Concentration of garnma-Tocopherol and Total-Tocopherols in Four Samples 




Calculation of gamma- and total-tocoph. by Formulae X» XI% XII 
Tot, alpha • 
Difference 
5 min - 1^ 
Tot, gamma- tot, gamma- Recovery of 
tocoph. meg,/ tocoph. meg,/ gamma-tocoph. 
g, formulae g. fat from 
g, of fat) (added 
gamma-tocopherol 



























Fat • alpha-tocoph. 

















68.5 98.8 55.5 
Louisiana fat 
Fat only 
Fat • alpha-tocoph. 




















Fat • alpha-tocoph. 













7?.o 62.9 82.3 29t3 
• gamma-tocoph, ^.3 2^ 
1, Values from Table 39a, 
Table 39d 
Calculated Concentration of gamma-Tocopherol and Total Tocopherols in Four Samples 
of Saponified Fat with alpha- and garama-Tocopherols Added Prior to >Saponification« 
Calculations According to Formulae X, XI, XII 
Calculation of gamma- and total-tocoph, "by formulae X. XI. XII 
Tot. alpha • 
Sample description Tot. gamma- tot. gamma-. $ Recovery of 
saponified fat Difference tocoph, meg./ tocoph. meg./ calculated 
(added alpha-toco- 5 min - 1^ g. fat g. fonmilae gamma-tocoph. 
pherol 62.1 meg./ mln value formula X XI & XII 
g, of fat) (added Kjol- Kjol- Kjol- Kjol- Kjol- KJol- Kjol- Kjol-
gamma-tocopherol hede 














Non-sap only 0.0 
Non-sap * alpha-tocoph. 2.7 
















Non-sap only 1,7 
Non-sap • alpha-tocoph. 5.1 













7^.1 79.8 56.0 
Indiana fat 
Non-sap only 3*2 
Non-sap • alpha-tocoph. 1,5 















71.2 79.5 ^.9 
Minnesota fat 
Non-sap only 2.1 
Non-sap • alpha-tocoph. 2.3 














7.r? 66.1 38.8 
1. Values from Table 39b. 
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39c and 39d are more nearly correct since they are obtained from 
calculations with the formulae (X to XII) designed to correct 
for the differences in reaction characteristics of alpha- and 
gamirta-tocopherols. "Total tocopherol values" (Tables 39c and 
39d) based on formula XII, do not differ significantly from the 
tocopherol values of Tables 39a and 39b excepting when gamma-
tocopherol was added. This again indicates the insignificance 
of the amounts of tocopherols which react as gamma-tocopherol 
in the fat samples analyzed. 
6, Storage Studies for Intercomparison of Methods 
It was considered that a comparison of methods and like­
wise an estimate of the degree of deterioration to expect in a 
fat, could be obtained by storage in air at ^-5® C« Three 300 
ml. Erlenmeyer flasks, containing 200 g. of fat each, were 
placed in an air oven controlled at U-5® C. The contents of all 
flasks were mixed before use by pouring part of the contents of 
one flask into the second, stirring, pouring part of the con­
tents of this second flask into the third, stirring, pouring 
part of the contents of the third flask into the first, etc., 
for three complete cycles. A sample (30 g.) was weighed from 
one of the flasks into a 100 ml. volumetric flask; the volume 
was made to 100 ml, with benzene and the contents mixed. Three 
9 cm. columns were prepared by Kjolhede's method and three by 
the modified KjoUiede method. A 15 ml, aliquot of the fat 
-ivs. 
solution vras run through each column and the columns were 
washed with benzene« The percolates were made to ^0 ml. volume; 
10 ml, aliquots were assayed for tocopherol. The peroxide was 
determined on suitable dilutions of the original fat solution 
and on the chroraatographed solutions by the method of Hills 
and Thiel (26). 
The study of the tocoT)herol and peroxide assay values 
of July, Iowa fat from ^5® C. storage was conducted over a 
period of 2^ days. The data from this study (Figure 5) indi­
cate that the peroxide increases gradually during ca. 10 days. 
A break occurs in the curve betv-reen the 10th and 1^-th days; 
the curve continues to rise beyond the I'tth day at a relatively 
constant rate until the end of the study. The tocopherol 
values when plotted against time in days give a zig-zag curve 
by both the Kjolhede and modified Kjolhede methods, with about 
equivalent initial and four day values. Beyond four days the 
values by the modified method decrease at a greater rate than 
by the KJolhede method. It is possible that the zig-zag 
tendency of this curve was due to sampling error. In other 
words, the mixing procedure adopted may have caused variation. 
The detailed data appear in Table Vo. 
A second study was conducted with the same fat to determine 
the effect of saponification (with added pyrogallol) upon the 
assay values of the fat stored at C. as compared with the 
1^9-
assay values of the same samples not saponified, KJolhede 
treatment was compared with the modified ? jolhede treatment. 
To assure homogeneity of the stored sample, 330 g, of fat vere 
placed on a 600 ml, beaker in the oven and prior to each 
sampling the contents vere vigorously stirred with a glass rod 
and then poured back and forth five times between two beakers, 
with the fat finally in the beaker in which it was not stored. 
Samples were then withdrawn for assay. The data are presented 
In Table H^l and Figure 
It will be observed (Figure 5) that the assay values by 
the Kjolhede and modified K.jolliede treatments for both the 
saponified and the whole fat samples are nearly the same at 
the initial points and at tv/o days storage. The curves for the 
whole fat begin to diverge after the second day; the values by 
both methods drop to the sixth day. Beyond the sixth day the 
values by the Kjolhede method rise slightly, while those by 
the modified KjoUiede method have a downward trend. The data 
obtained by the Kjolhede method are much more erratic in trend 
than those by the modified Kjolhede method. The greatest 
divergence between the methods occurs beyond the l6th day, 
the point at which the milk fat lost its "good butter" flavor 
and aroma (as indicated by tasting the lii^uid fat). It is 
interesting to note that the sixteenth day was the point beyond 
which peroxides were formed at a greater rate than they were 
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prlor to that date. It Is possible that there is significance 
in the break exhibited by the curve of the data by the modi­
fied KJolhede method, or that the divergence of the curves by 
the tvro methods is the significant thing. 
Values for the saponified samples, which were protected 
by pyrogallol, have a downward trend by both methods; the 
values by the KJolhede method are always higher than those by 
the modified K^olhede method. The curves do not diverge to 
the extent that was found with the whole fat, possibly showing 
that the substances responsible for lower values by the modi­
fied earth, or for higher values by the Kjolhede earth, were 
removed in the saponification. The results of the study of 
the effect of saponification upon the oxidation products of 
tocopherol (p 9^-102) indicated that the quinoid oxidation pro­
ducts did interfere in the tocopherol determination by the 
Kjolhede method if the fat was not saponified, while with the 
modified Kjolhede method there was no interference with either 
whole or saponified fat. This agreement between values by the 
modified Kjolhede method used on whole fat with the Kjolhede 
and modified Kjolhede methods on saponified fat si;ibstantiates 
these prior indications. 
There seems to be no obvious correlation between the per­
oxide and the tocopherol values unless the increase in slope 
at 16 days may have some relation to the decrease in slope of 
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Table ^ 
First Storage Study 
Comparison of Tocopherol values (KJolhede and modified 
KJolhede methods) and Peroxide Values (flills and Thlel 
method) of Whole Fat vSamples Stored for Different Intervals 







Tocopherol value of 
whole fat (mcK./e.) 
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value of P( 
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25 3.98 k6.0 h6,0 33.8 33.8 0,085 l,Vl 
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the modified Kjolhede curve at this time. In the first storage 
study this increase in slope occurred at eleven days, this was 
the first sample assayed in the series vrhich showed a divergence 
of the r jolhede and modified Tl^olhede curves. 
The samples were likewise saponified in the absence of 
pyrogallol. The values varied in a highly erratic manner indi­
cating the possibility of variations in the action of alkali 
upon the labile tocopherols. 
The rate of oxidation was greater in the first storage 
study than in the second one, probably because of the larger 
surface area exposed. In the first storage study it appears 
that the tocopherol values decreased with time by both KJol-
hede and modified methods. In the second study the Kjolhede 
values do not appear to decrease but those by the modified 
KJolhede method do. Analysis of saponified (with pyrogallol 
added) samples shows a rapid decrease during the first eight 
days after which the values appear to parallel the values by 
the modified Kjolhede method for whole fat. 
Recovery studies were made with pure alpha-tocopherol 
solutions (Table ^2) added to two samples of oxlding fat from 
the first storage study. The Kjolhede and the modified Kjol-
hede methods of analysis were employed. The recoveries of 
alpha-tocopherol by the Kjolhede method were essentially 100 
per cent but by the modified Kjolhede method, the recoveries 
-15^. 
Table ^-1 
Second Storage Study 
Comparison of Tocopherol Values (Kjolhede and the modified Kjol­
hede methods) and Peroxide Values (Hills and Thiel method) of 
Whole Fat and Saponified Fat Samples Stored for Different Inter­
vals (up to 37 days) at ^5° C, 
Saponified fat 
Storage Whole fat (pyrogallol added) 
time meg, Tocoph,/g, meg, Tocoph./g, 
at of fat of fat 
^5° C. m.e. Perox,/ 






































































Table kl (cont'd) 
Saponified fat 







450 c. m.e. Perox./ 









































1. Replicate assays vrerc made on same saponification. 
2. Abnormal colored band on column when chromatographed, 
the same color as obtained on whole fat. 
3. These samples saponified by vitamin A method. 
4. No nitrogen in saponification flasks. 
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Table k2 
Percentage Recoveries of alpha-Tocopherol Added to Oxidized 
Fat Samples Before Analysis by the KJolhede and Modified 
KJolhede Methods 
Treatment meg. Tocoph. meg. Tocoph. % Recovery o: 
Used Storage added/g. found/g. added 
fat fat alpha-tocoph, 
11 days 
63,2 111.^ Kjolhede (PV 2,01) 125.7 
tt II 63.2 117.0 97.6 
ti It 0.0 55.3 — — 
Modified II 0.0 ^3.2 II II 63.2 102.5 93.8 II 11 63.2 103.0 9^.6 
25 days 
(PV ^.21) 
^6.35 91.^ KJolhede II 98.0 11 11 ^6,35 95.2 106.9 tf II 0.0 ^6.0 
Modified II 0.0 33.8 II It !+6.35 75.8 90.6 ti II ^+6.35 71.2 80.8 
-157-
vrere 9^ ,2 per cent with the fat with 2.01 m.e, peroxideAg# 
and 85.7 per cent with the fat with ^ .21 m.e. peroxideAg. 
Other recovery studies appear in Tables 39a and b. 
7. Comparison of the K.iolhede and Kjolhede:Alumina Methods 
with Saponified and Non-Saponified Fats from Commercial 
Butters 
The tocopherol content (of whole fat and non-saponifiable 
fractions), as calculated from the alpha-tocopherol standard 
curve using 1 raiinite and 5 minute percentage transmittance 
readings was determined by the Kjolhede and the Kjolhedes 
alumina methods. Analyses were run in triplicate for 15 
samples of milk fat rendered from butter obtained in retail 
prints. The peroxide content and color index were also deter­
mined on these samples. The peroxides were determined in the 
usual way on a benzene solution of the whole fat. The color 
index was determined by measuring the per cent transmittance 
of benzene solutions of the fat against the solvent set at 
100 per cent transmittance, at 510 mu. This index is defined as 
color index = 2 - log ^  Trans. 
g. fat/ml. sold 
The samples, furnished by Mr. W. W. Griese of the A and P Com­
pany, Chicago, were selected to represent as nearly as possible 
all of the major butter production areas of the country. The 
first thirteen of these samples were from butter manufactured 
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in the first two weeks of May. The Louisiana and the Washing­
ton samples were manufactured in April, A description of these 
samples is given in Table Two, one pound prints of each 
sample were obtained. Each print was cut into quarters longi­
tudinally and two non-adjacent quarters were used as the sample. 
The fat was rendered "by the usual procedure and was stored at 
-30° C. until used. Ho pronounced weed, feed or grass flavors 
were noted. The samples x/ere varia"ble in color and it is pre­
sumed that color was added to at least some of the samples. 
The average tocopherol values, color indices and peroxide values 
are given in Table From the average tocopherol values by 
the Kjolhede method on whole fat, the concentration of gamma-
tocopherol was calculated by use of formula X derived on p 
for this purpose. 
When the tocopherol value is compared x^'ith the color index 
(Table M+) it appears there is a positive correlation vzhich 
would indicate that the tocopherol values of the fats increase 
with increasing color. Since these were samples of commercial 
butter, color may have been added, so that this correlation may 
be coincidental. 
It may be concluded that the analysis technique employing 
alumina and the Fijolhede adsorbent is not preferable to the 
KJolhede method because of low recoveries of added tocopherol 
and the somewhat erratic results obtained (Tables 39a, 39b). 
Table M-3 
Source and Description of Butter Samples (analyses in Table hh) 
Flavor criticisms and remarks 
Observers 
Sample Source of butter Score 1 2 
1 N, VJisconsin 92 OK OK 
2 Illinois 92 OK OK 





h Indiana 92 SI. old cream SI. stale Hone 
5 Missouri 90 SI. old cream Neut. si. stale 
si. cheese 
Old cream 
6 MichiHan 92 OK OK 
7 S. Iowa 90 Off, old cream 
neut. 
Off, old cream 
neut. 
9 V/isconsin 90 Old cream Heated OK Swiss cheese 
whey cream 
10 N. E, Iowa 92 OK OK 







12 South Dakota 90 SI. neut. flavor Off. neut. Wheat pasture 






Ih N ebraska 90 SI. old cream, 
pasty 
Old cream Wheat pasture 
15 Louisiana •II w»wi 
lb VJashineton 
Table Mf 
Average Values from Analyses of Milk Fat Samples from Varying Sources for Toco­
pherols by the Kjolhede and KJolhede:Alumina Methods 
Spl, 




N. Wisconsin 1 0.^8 0.63 
Illinois 2 0.h2 1.10 
Oklahoma 3 0.717 1.39 
Indiana h 0.tfl2 
Missouri 5 0.738 
I'M Michigan 6 0.^22 
O.M+1 S. Iowa 7 0.81 
So. Wisconsin 9 0.615 0.8V 
N. E. Iowa 10 0.320 
O.i+65 
0.51 
Minnesota 11 0.98 
South Dakota 12 0.956 0.89 
Kansas 1.280 0.8if 
Nebraska O.J+50 0.62 
Washington 0.308 1.066 
Louisiana 16 0.820 1.57 
Average tocopherol values 
(mcg./g. of fat) 
Whole Sapon 
Kjol. KJol: Kjol. Kjol: gamma-Tocopherol 
alum. alum. calc. formula X 
20.6 li+.8 17.8 12.1 if.6 
39.0 19.8 23.8 3.8 
^9.1 2h.7 2.8 
30.9 23.9 2^.3 29.5 2.0 
32.9 25.M- 26.2 30.0 
5.^ A-21.0 10.5 18.6 11.6 
20.9 21.5 19.9 2lf.l 3.6 ^ 
IV.I 17.7 12.5 13.0 3.0 i 
IV.V 23.9 9.8 25.0 0.3 
31.2 20.7 19.9 23.0 1.8 
22.1 21. V 19.7 12.2 3.3 
36.6 21.1 31.3 27.3 
21+.7 26.8 21.1 19. V 2,h 
30.2 12.9 2H.6 18.6 0.9 
^8.7 23.2 h6,6 32.8 2.2 
1. Samples described (Table hZ)• 
2. Color index B 2 - 3,OS  ^ T (in benzene) 
g. fat/ml. Soln, 
-161-
It may be that the lack of reproducibility results from de­
struction by the alumina adsorbent. 
An analysis of variance for the randomized block design 
was computed for the data (Table , (Average values are 
given in Table , The experimental errors of the eight 
factors studied were not homogeneous, as indicated by the 
analysis of variance, consequently a different error term was 
computed for each factor and the interactions. 
The factors analyzed were: 
(S), effect of saponification 
(A), effect of alumina treatment after KJolhede 
Floridin treatment 
(T), effect of time after addition of reagent 
(1 min vs. 5 min) 
(R), effect of the samples themselves 
The factors analyzed are given in Table The effect of 
saponification was found to be non-significant but the inter­
action SA was highly significant. The effect of time after 
addition of color development reagent was highly significant, 
as were the differences betvreen the samples themselves. The 
interaction RT has a low mean square value which indicates 
that the differences as a result of time after addition of 
the reagent are not a function of the sample. 
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Table 
Analysis of Variance of Data Obtained from Analyses of 15 Samples 




freedom Mean square F 
Samples (R) 1^ 1361.29 15.91*** 
Saponification (S) 1 
.75 N.S. 
Adsorption (A) 1 \191.58 10.if9** 
Time (T) 1 ^36.oV 33.16*** 
SA 3 1108.10 ll,kQ** 
ST 1 6.35 N.S. 
AT • 1 3.56 N.S. 
SAT 1 1.41 N.S, 




RA Ik 399.69 
RT Ik 13.15 
RSA Ik 96.52 
RST Ik 3.78 





1, Average values for triplicate determinations with the 
1 minute reading are given in Table 
* Significant at P b 0,05 
** Significant at P s 0.01 
Significant at P - 0,001 
The fact that the averages for coluinns I and II of Table 
^6 agree, indicates the reason for a non-significant change 
in tocopherol values as a result of saponification, and 
column I - II shows quantatively why these averages are equal: 
the magnitude of the differences are the same but the signs 
are opposite with the two adsorbentsused, i.e., the assay values 
Table 
Means of Tocopherol Values by tight Treatments 
Vlhole fat Sapon. fat Differences Average 
I II I - II I • II 
2 
1 5 1 5  1 5 1 ?  
mln» min» ain. min. min. min» mln. min. 
A. Kjolhede 29.1 31.7 25.7 27.9 3.8 27.^ 29.8 
B. Kjolhede: 18.9 21.3 22.7 2^.3 -3.8 -3.0 20.8 22.8 
alumina 
A » B 2^-,0 26.^ 2V.2 26,1 -0.^ •0.8 2^,1 26.^ 
2 
Differences 2.5 1.9 +0.^ 2.2 
due to time 
of the saponified fats are higher than those of the whole fats 
\-:hen analyzed by the K^olhede Floridin:alumina method. By the 
Kjolhede method the non-saponified values are the higher. It 
is indicated from these results that the Kjolhede Florldln; 
alumina columns destroy more tocopherol vhen glyceride is pre­
sent (presumably as a result of the formation of peroxide) than 
v/hen the glyceride is removed by saponification, 
8, Modifications of the Emmerle and Fnsel Method Recommended 
for the Determination of Total Tocopherols in Milk Fat 
On the basis of a cursory examination of the facts, it 
might be concluded that the best method would be one which 
analyzed the whole fat pretreated with Kjolhede Floridin, since 
this method was the one \irhich gave good recoveries of added 
tocopherol, removed the effect of peroxide, carotene, and 
vitamin A and had relatively good reproducibility betv;een 
ssjnples of the same fat. This method is not, however, recom­
mended for tocopherol analyses of samples of oxidized fat 
because the Kjolhede Florldln reduces the tocopheryl-£-quinones, 
which are indicated to be constituents of oxidized fats. 
The saponification method employing 3.5 K KOH in methanol 
(with added pyrogallol) was effective in removal of the qulnones 
and is therefore recommended for oxidized fats. Recoveries 
of alpha- and gamma-tocopherol were quite variable when fats 
plus tocopherols were saponified and assayed, however, the 
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varlability of the replicates within samples vras no greater by 
this method than v/ith the whole fat (Table l+l), which indicates 
that there is some fault in the technique for recovery studies. 
The modified Kjolhede adsorbent was not effective in the 
removal of peroxide (Tables 5 and and apparently caused 
destruction of tocopherol as indicated by the recovery studies 
(Table ^ 2), It did not cause interference by reducing the 
o- and ;£-quinones. 
On the basis of the results of storage studies (Figure 5) 
it was sho\m that (with the exception of values for fresh fat) 
the tocopherol values determined in whole fat and in saponified 
fat by the modified Kjolhede method tended to parallel those 
by the Kjolhede method on saponified fat, as the fat progres­
sively oxidized# In the case of the fresh fat the analytical 
values for the non-saponifiable fraction were higher than those 
for the whole fat by either the modified Kjolhede or the Kjol­
hede treatments. This would indicate that the low recoveries 
obtained (when tocopherols were added to fat) were not repre­
sentative of the conditions in the fat alone and that the 
discrepancies between the results by the Kjolhede and modified 
Kjolhede methods with whole fats (shown in Table 20) probably 
resulted largely from reduction of the tocopheryl-quinoid 
forms, 
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It is recommended that any further recovery studies "be 
conducted with a slightly modified technique from that employed 
here, A solution of tocopherol in methanol was added directly 
to the fat and mixed as thoroughly as possible, 5 nil. of 5 per 
cent pyrogallol were added and the solutions were again mixed. 
The methanolic potassium hydroxide vras then added and the 
extraction flask was connected to the reflux condenser to effect 
the saponification. Incomplete mixing of the tocopherol with 
the fat (and the pyrogallol) prior to addition of the alkali 
may be the cause of the variability in tocopherol recoveries. 
Recovery studies in which the alkali is added to the pyrogallol 
just prior to its addition to the fat might overcome this 
difficulty. Some means of providing a more completely homo­
geneous mixture of the fat and added tocopherol might also 
prove beneficial. This might be accomplished by adrlition of 
the tocopherol to the fat in Skellysolve solution and evapora­
tion of the Skellysolve under vacuum prior to addition of the 
allcaline pj'rogallol solution. 
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IV. SMMMY AND CONCLUPIOKS 
The Emmerie and Engel method was selected for study as a 
means of determining tocopherols in milk fat. This method is 
based on the ability of tocopherols to reduce ferric iron in 
the presence of alpha, alpha'-dipyridyl to form the highly 
colored ferrous:dipyridyl complex, the intensity of which is 
measured spectrophotometrically. 
Removal of Interferintt Materials 
It is necessary, prior to the development of the ferrousj 
dipyridyl color to remove interfering substances, lilriinerie and 
rngel employed Floridin treated v/ith hydrochloric acid for this 
purpose. A number of modifications of this adsorbent have been 
proposed. Those which have been employed in this study are 
the Kjolhede Floridin, which is treated with stannous chloride 
as well as hydrochloric acid and a modified KJolhede Floridin, 
from which it is considered excess stannous chloride was com­
pletely removed. The latter adsorbent was used because it 
was considered that stannous chloride, since it is a rediicing 
agent, might interfere in the color development. 
A third chromatographic procedure Involved the use of 
Kjolhede Floridin plus activated alumina. It was considered 
that the first of these would remove most of the interfering 
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STibstances v^-hile the latter would separate the tocopherols from 
the glycerides. 
The Qualfe and Biehler mild hydrogenation procedure, which 
vras originally designed to prevent interference of carotene 
and vitamin A by catalytic hydrogenation, was the fourth pro­
cedure employed. 
A combination of saponification and chromatography was 
likewise studied. 
The materials which were considered to be possible inter-
ferents in the ITmmerie and Engel method are: Vitamin A, caro­
tene, peroxides, and oxidation products of tocopherols. 
Preliminary studies carried out with various treat­
ments for the removal of peroxides were not successful. A 
sulfuric acid wash treatment; treatments with potassium iodide, 
stannous chloride and sodium bisulfite; and heating with car­
bon disulfide were found to be unsatisfactory. 
The conclusions drawn regarding the effectiveness of 
the methods for the removal of interfering substances are 
indicated below; 
The f'jolhede Floridin satisfactorily removed vitamin 
A, carotene and peroxides. The adsorbent, however, reduced 
a significant portion of added tocopheryl-£-quinone; the re­
duced quinone was assayed as tocopherol. 
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The modified KJolhede Floridin removed vitamin A and 
carotene quantitatively. It did not reduce any of the £-
quinone that might be present. It was unsatisfactory in that 
it did not quantitatively remove peroxides. 
The combination of Kjolhede Floridin and alumina was 
satisfactory for the removal of carotene and vitamin A, When 
solutions of the whole fat were employed, the alumina was found 
to oxidize a portion of the glycerides as evidenced by posi­
tive peroxide tests in the percolate and washings. Moreover, 
the adsorbed tocopherol was either not quantitatively eluted 
from the alumina or a portion of it was oxidized on the column. 
When hydrogenation was complete, the mild hydrogena-
tion procedure removed vitamin A and carotene. The tocopheryl-
quinones were reduced by the procedure and varying quantities 
of the reduced products were assayed as tocopherols. 
Saponification procedures were effective in propor­
tion to the degree of completeness of the saponification of the 
glycerides. The original procedure recommended by Emmerie and 
Engel employed 2 ml, of 2,0 N KOH per g, of fat. This alkali 
concentration did not completely saponify the fat. Adequate 
saponification was obtained vrith 2 ml, of 3*? N KOH per g, of 
fat. It was necessary to conduct the saponification in the 
presence of pyrogallol to prevent tocopherol destruction. 
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When saponification was complete and when pyrogallol 
was employed the peroxides and tocopheryl-quinones were com­
pletely destroyed; the carotene and vitamin A could be satis­
factorily removed from the non-saponifiable fraction with 
Kjolhede Floridin. 
It has generally been considered that peroxides did inter­
fere to a considerable extent in the Emmerie and Engel color 
development reaction. The effect of the peroxides was checked. 
The data obtained indicate no interaction between peroxides 
and tocopherols during the preparation and chromatographing of 
the samples, when the Devlin and Mattill reagent was employed 
with a 1 minute reaction interval after addition of the color 
development reagent. The length of time the peroxide is in 
contact with the ferrous-dipyridyl complex is important; the 
greater the length of time the lovrer the assayed tocopherol 
content. 
It can be concluded, therefore, that under the condi­
tions of these experiments, peroxides are unimportant up to 
the time of the development of the colored complex. After its 
development, peroxides cause a reduction of the tocopherol 
assay as the length of time between color development and 
measurement of its intensity increases (see Figure 3)« 
Recovery of Tocopherols Added to Fat Samiales 
Recoveries of alpha- and gamma-tocopherols added to fats 
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were generally found to be near 100 per cent v/ith the KJolhede 
method employing whole fat. With the Quaife and Biehler method, 
the recoveries of alpha-tocopherol were quite erratic but 
averaged about 100 per cent. Some tocopherol was apparently 
destroyed by saponification and recoveries of alpha-tocopherol 
from the non-saponlfiable fractions of fats were quite erratic 
with the average being 88,7 per cent recovery# It must be 
pointed out, however, that these recovery studies are not con­
sidered representative of the effect of saponification upon 
naturally occurring tocopherols. In the second storage study 
(Figure 5) the tocopherol values obtained with saponified fat 
were higher than those obtained for the whole fat. Further­
more, the assay values of relatively fresh fats (commercial 
butter) were as reproduceable on the non-saponifiable fractions 
as they were on the whole fats. These results indicate that 
there is some fault in the recovery-study technique employed. 
Recoveries of gamraa-tocopherol which was added to 
fats prior to saponification were somewhat higher and less 
erratic than the recoveries of alpha-tocopherol. 
V/ith the Kjolhede Floridin and alumina columns there 
was considerable loss of tocopherols both with the whole fat 
and the saponified fat. 
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Tocopherols Other Than alpha-Toeopherol Found In Milk Fat 
It was desired to determine whether or not tocopherols 
other than alpha-tocopherol were present in milk fat. Equa­
tions X to XII were derived from data obtained with pure solu­
tions of gamma- and alpha-tocopherols to test a series of 
commercial butter samples for the presence of materials which 
react in the same manner as gamma- (and delta-) tocopherol. 
These equations are based on the difference in rate of color 
formation of the two compounds. It is concluded from the 
analysis of variance of these data (Table ^ -5), that if sub­
stances which react as gamma-tocopherol were present, their 
variation among samples must have been within the limits of 
error of the method. 
Interference of Tocopherol Oxidation Products 
It is concluded that the differences observed between the 
tocopherol values by the Kjolhede and modified Kjolhede methods 
result from reduction of tocopheryl-£-quinone to products which 
react as tocopherol when the Kjolhede but not when the modi­
fied KJolhede method is used. This is presumed to be due to 
reduction of the quinone by the action of residual stannous 
chloride on the Kjolhede adsorbent; the modified adsorbent 
was washed chloride free. Reactivity to the extent of per 
cent of the added quinone was indicated. Equations VII and 
VIII, based on these indications, were tested in an attempt 
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to determine whether the differences in results obtained by 
the ttJo methods resulted from the reduction of the quinone. 
The "calculated original tocopherol" content of a fat in two 
storage studies (formula VIII) indicated that it was possible 
to estLmate the original tocopherol content of the sample, 
thereby lending support to the assumptions on which equation 
VIII vras based. 
Comparison of the Quaife and Biehler Method with the Modified 
K.lolhede Method 
The tocopherol values of several fats as determined by the 
Quaife and Biehler method and the modified KJolhede method were 
compared. The former method gave higher results on whole fat 
but not on the non-saponlflable fractions. It was shown that 
the differences between these methods were not a result of the 
reagents used for the assay. The Quaife and Biehler hydrogena-
tion technique reduced the tocopheryl-quinones which were 
assayed to a variable extent as tocopherol. 
The Recommended Method 
The modification of the Emmerie and Ijigel method which is 
recommended for the determination of tocopherol in oxidized 
milk fat is that of Kj'olhede. It is recommended that the non-
saponifiable fraction obtained by the saponification procedure 
in which pyrogallol is used to minimize oxidation of toco­
pherols be employed. Saponification is believed necessary to 
-17^-
destroy quinoid oxidation products of tocopliGrols (and possible 
other oxidation products). For the determination of tocopherols 
in milk fat of known high quality, it is not necessary to 
saponify for the removal of oxidized tocopherol; the whole fat 
may be assayed directly after treatment with Kjolhede Floridin, 
With fats of unknown quality it v;ould be preferable to assay 
both whole fat and non-saponifiables. 
The Kjolhede Floridin adsorbent is indicated as preferable 
on the basis of recovery studies and the ability to remove per-
oxidic materials. The presence of stannous chloride on the 
Kjolhede columns is indicated but interference as a result of 
stannous chloride is not indicated, excepting as it effects 
reduction of the quinoid forms. 
Results of Analysis of Commercial Fat Samples 
The average tocopherol value of the fats from the commer­
cial butter samples is 29.1 mcg./g. of fat when Kjolhede Flori­
din was employed vdth solutions of whole fat. The values range 
from l^f.l to ^9*1 mcg./g. of fat. When saponification was em­
ployed in conjunction with Kjolhede Floridin the values average 
25.7 mcg./g, of fat with a range from 9.8 to ^ 6.6 mcg./g. of 
fat. These lower values are explainable on the basis of partial 
oxidation of the tocopherols prior to assay in which case the 
quinoid substances would be determined as tocopherol in the whole 
fat but not when the non-saponifiable fraction is assayed. 
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